


Preface
The Hawaiian Electric Companies respectfully submit this Grid Modernization Strategy to

comply with Decision and Order No. 34281 and 34436 issued by the ¢laulaicUtilities
Commission in Docket 201@087.
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Executive Summary

Hawai’d O Al AAOOEA COEA EO A | 01 OEIl AUAOAA AAlI EOGAO
businesg a sturdy, secureAT A OAZEA OAOT OOAA O ErBudiortedohon®d DI x A C

The grid wa®riginallydesigned for one job: to deliver electricity to customers from a handful
I £/ AEC Pi xAO bl AT 008 ) O AEAT 80 fgihubdthadidibe AA Fl A
strongand reliable

Today,there arepower plansin every neighborhood. Nearly 80,000 privately owned rooftop
solar systems push electricignto the grid for delivery to other customers.

The steady, onavay flow of electricity that was the norm for more than a century is now a
dynamic, twoway stream ofpower, shifting back and forth between the customer and the
utility . Without reattime data, visibility, and control,operators can only estimate how much
power theserooftop solarsystems are feeding into the grid; théyAT 6 O if aAd the A

havenovh U 1T £ OOA A E fo @entifyEahd@vert dtiiatpAsiHat@4h affect tisafe
andreliable delivery of power to customers

Built for durability, most of the lines, transformerand substations that are the backbone of

the Hawaiian Electric Comp&A 06 COEAO AOA 0OO6O0I 1 Cc8 ateOO OEAOA
aging. In addition to the regular schedule of replacement, a program of grid modernization is
needed.

New technology will helpo more thantriple the amount ofprivate rooftop solar, make use of
rapidly evolving productg including storage and advanced invertgrandincorporate a vast
array of sophisticated energy management tspsuch as demand response.

ModernizindHawaiks &rid For Our Customers grid modernization strategy thatescribes

the scope, purposeand estimated cost of the work requildo updatethe Hawaiian Electric
Companie$ nefgynetwork in the nexsixyears and how it will help the five islands served by
the Companiedo achieve a renewable portfolio standaadl 48 percent by 202@nd ultimately
100percentby 2045 Achieving the renewable portfolio standard goals will require a
combination of both customeowned distributed resources as welllasgergrid-scale
resources.

Hawaiian Electric

‘—0—’ Maui Electric ES’ 1

Hawai‘i Electric Light



Moderni zi ng HBRov@ur @Qustdmers |G Auguast2017

(AOAGO xEAOG6 O EWModdiningdie®lec@ieghid willGedpyetdwAidnfd,
imported oil faster, use technology to predict aidentify outages ando restore servicenore
quickly,and give customers more information and more control over the energy they use.

The cost of the firsphaseis estimated to be about $205 million ovexyears. Where
appropriate,the Hawaiian Electri€ompanies plamo pursue partnerships and grants that
could reduce the cost.

Thisneeded investment in an advanced gvidll be steady and deliberate, aligned with work

OEAOG6O Al OAAAU AAET ¢ ATTA O OOOAT ¢CcOEAT OEA ¢

arriving, the idea is to focus on netrm improvements that provide the most immediate
OUOOAIT AT A AOOOT kcrdnd ouhfitirddoeakdrodgdO AT T 6 O

Highlights of this neaterm work include:

E Reliance oradvancedinverter technology to enable great@rivate rooftop solar
adoption.

E Expanded use of voltage management tools, especially on circuits with heavy solar
penetration, to maximize circuit capacitiger rooftop solar PV and other customer
resources

E Strategic dstribution ofadvancedmeters rather than systerwide, primarily for
enhanced sensing and monitoring purposes, i.e., customers with private rooftop solar
or on saturated circuits and customers who want to participate in programs such as
demand responsandvariable rates or who seek usage data

E Expanded use of sensoas other points on the griéind automated controls at the
substation and neighborhood circuivel

E Expansion of a communication network enabliggeater operational visibilitgnd
efficient coordinationof distributed resourcesalong withsmart devices placed on
problematic circuits ad automation for improved reliability

E Enhanced outagenanagement and notification technology

A smart power grid can be a catalyst for economic development and sustainable communities,
providing everything from energy management services to a splawered data center on

Hawaib Island to reducing voltage fituations on a circuit oMolokad so a homebased

business can thrive.

Hawaiian Electric
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A grid that enables variable pricing can also help accelerate the move to electric vehicles and
equipment by encouraging charging during the solar peak. Even more important, vehicle
batteries and other energy storage devices can provide grid staikiswell as incentives to
customersz if system operators can tap these reserves, using stored energy to help meet peak
demand and then recharging when solar is abundant.

Public input wagriticalto the development othis grid modernization strategyMore than 80

residential and commercial customers of Hawaiian Electric, Maui EleatttHawaib Electric

Light were consultedat the start of the processncluding some wittprivate rooftop solar. The

aim of these discussions waséasure that the 8mpaniesA AAOAOOAA AOOOI I AOOS
Al O | Aed NOA @éitridimodardizaiostatedy®ak developed.

Manyhadonly abasicidea of how the grid works, bl were able to clearly describe their
expectations (continued high level ofliability), their frustrations glowtransition to
renewables)and their needs (stable or lower prices, societal benefit derived fronofise
renewables, more choices,g., private rooftop solar, battery storage, rate incentives).

It was also clear thanost customers understand the connection between the pursuit of
renewable energy goals and the capabilities of the grid.

As me Hawaiian Electric customer observed4 OUET ¢ O ET AT OPT OAOA OAT /
without upgrading the grid is like puttg a new kitchen in a house that needs to be knocked
Al x18 7EU xT Ol A Ul O AT OEAQeb

Following the submission of its draft filing in June 2017, the Companies solicited comments
AOT 1T AOOGOTT AOO AT A OOAEAET T AAOO OEOI begE OEA #
style public meetings on Mautawai (in both Hilo and Kona), and@&hu to review thegrid
modernizationstrategy with customers, answer their questions, and receive their comments.
Ther comments, as well as théranscripts of the public meetingsre included in a separate
document accompanying thigrid modernization sategy. On top of that, sinceearly 2017the
Hawaiian Electric Companies have held discussions with more3d@mpeople across the state
and across the U.S., includiteyge cusomers, engineers, energy experts, utility staff, vendors,
technologists elected officials, U.S. Department of Energfficials, staff from county and

state agenciesand representatives of neagovernment ag@ecies involved in energy policy and
electricgrid development

Hawaiian Electric
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Two examples of how this feedback influenced the contents of the final repgoxolvethe use
of advanced meters. Based on questions and comments Stakeholders regarding
curtailment of distributed generationSection4 contains a mee detailed description of how
advancedmeters can enable more distributed generationcluding alternative technologies
Also, based osomecustomer feedbackeagardinghealth concernsSection 6containsmore
information abouthealth and safety oeterand communication technologyincludingthe
#1 1 DPAT EAOCS Agbi |l OAOGETT 1T £ Al OAOT ACEWIRt AT A Al
be right for everyone.

While the discussion of technical challenges and tactics comprise the bulk of this report,
customer and stakeholdemput hasshaped this grid modernization strategy arsjpresent
throughout.

Hawaiian Electric
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1 Vision, Definition & Scope

TheHawaiian Electri€ompanies (the Companiesggrecommitted to partnering withtheir
communities to enable economic growth through reliabtdean and affordable energy and
innovative solutionsAs suchthe Companiesieeply believe thatiawai®d ®newableenergy
objectives can be met by:

El DT x AOET C dAdc®and prokidr@éfe,reliable andaffordableservices.
Enablingdistributed resourceso becomea vital part ofHawaidd ®newable
portfolio.

E Leveragingthe electric grid taspureconomic growthin Hawaisd é@mmunities

E
E

Consideringguidance from theéHawaib PublicUtilities Commission(Commission) inputfrom
both customersand stakeholdes,andresearch, experience, and analybisthe Companies
the solution to these objectiveis very clear: a cmprehensivegrid modernizationstrategy
(Strategy)z one that is implemented at the right pace, is proportionalaoth customer and
grid needs andrealizesnet valueand benefits
for all customers.

Of courseaccomplishing these objectivas
noteasy8 -1 AAOT EUAQEIT T E
Cubez the answer is seemingly simpggust

get all the squares on each side to be the san
color. But,how you actually achieve this rdsu
is complicatedA O ' OAAT OAAE -
Edge Cube showsThe right strategy is not
just the right pieces at the right time at the
right level of risk and cost. It also has to be
aligned with the needs of customers and
stakeholders.

5
H
g
H
£
o
i
£
E

Figure 1 Greentech Media’s Grid Edge Cube

tHawaiian Electric Company, Inc. (oO0OHawaiian Electrico6), HawaiuiElectiEl ectric Lig
Company, Limited opMaateELbeteriedé)jric grids on Oahu, Haecaliecivelyi sl and, Maui,
referred to herein as OHawaiian Electric Companiesd6 or oO0Companieso.

2 Greentech Media, Distributed Solar Power Is Forcing Change at the Grid Edge, March 06, 2014:
https://lwww.greentechmedia.com/articles/read/Distributed - Solar- Power- Forcing - Change - at- The- Grid - Edge

7 Hawaiian Electric

-
9—9—49® wmaui Electric 1
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Many decisionsreneeded to solve this complex puzzle. A set of principlasnecessary to

guide decisions in thiStrategyandcontinue to be utilizecasthe Companiesnove forward

with stakeholdersThe Companiesre in alignment with the Commission with respect to what

a modern grid should achieve and how it should be accomplishied.Companiebelieve it is
essential thatintegrated gridplanningis consideredicross all aspects of tHtéompanies
community,andgrid, including distribution, transmissig@and resource planning. Additionally,

it is essential that customers appropriately benefit from costs incurred to advanc®thed OA 6 O
policies and related modernization investments. As sutble, Companiegproposeadapting and

SA & o A e

principless listed below

Hawaiian Electric CompaniesGuiding Principles to Inform Grid Modernization

E Enable greater customer engagement, empowerment, and optionsutdizing and
providing energy services

E Maintain and enhance the safety, security, reliability, and resijesfahe electric grid,
at fair andreasonable costs, consistent with tistate® energy policy goals

E Facilitate comprehensive, coordinated, transparent, antégrated gridplanning
across distribution, transmissigand resource planning

E Move toward the creation of efficient, cosffective, accessible grid platforms for new
products, new services, and opportunities for adoption of new distributed technologies

E Ensure optimized utilizatioof resources anelectricity grid assets to minimize total
system costdor the benefit ofall customers

E Determinefair cost allocation and faicompensation for electric grid services and

benefitsprovidedto andby customers and other noutility service providers

The challengeand opportunityin modernizingHawaisé €ectricgrid isto serve customers with
affordable and reliable electriesvice whilealsotransforming the system to renewable energy
and enabling customers to better control their enenggeds Hawaiis at a much different
starting point for modernization than any other state. In 2016, approximately 26 percethieof
#1 I PARERA&T AA AOOOI 1 AOOS AT AOcU TAAAO xAOA bi
higher percentages for Maui County ahthwaib Island of 37 percent and 54 percent,
respectively. The Companiesontinue to lead the nation in the integration of customsted
private solar, with the highest percentage of customers with solar of any utility in the country.
More than 15 percent of total customegsncluding an estimated 26 percent single-family
homesz had private solar in place by the end of 2016, wittadditional 3 percent of single
family homes approved for installation.

3 Commission Docket No. 2016 -0087, Order No. 34281, Section D 0Guiding Principleso

Hawaiian Electric
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The Companiesealize that meeing A O O O 1 reddsa@i@chievingHawaiid €ean energy
goalsis not possiblavith the current grid In other wordsthe grid we have is not the grigve
need

AchievingHawaik: §oal of arenewable portfolio standardRPSwill require a combination of
resourcespoth customerowned distributed resources ardrger gridscale resourcesas

described in the videos the Companies developed for customdesntaining Safe and Reliable

Energy forCustomers littps://www.youtube.com/watch?v=QECzuo8WD4nd Managing a

Two-Way System to Integrate More Renewable Energy
(https://www.youtube.com/watch?v=nH47jRCk5gwowever,Hawaie 8 © OOAAA OO ET A,
renewable energy has strained the capacitytieé grids. The limitations otthe currentgrid
havehamperedthe ability to integrate morecustomersited resourcesT herefore, thegrid

musttransform from one that is designed for oveay power flow from a few central

generating stations to one that safely and reliably enables-tmay power flow from many

resources4 EA  # 1 | ‘sibh igoAise&dvanced technologies to modernittes existing

grid into astate-of-the-art cyber-physical platform» Such gplatform will enablethe

integration and optimal utilizationrof AOOOT | AOOS6 OAOT OOAAO OEOI OCE A
distributed energy resource®ER anddemandresponsgDR) programsto meet the

projections from theDecember 201®&ower Supply Improvement PlaPSIP)As summarized

in Tablel, this platform can accomplish tse projectionst a cost 3percentlower than the

wires alternative considered in the PSIP

Table 1 December 2016 PSIP Projections f or Demand Response and Distributed Energy Resource s

December 2016 PSIP Projections 201742021 2022-2045

New DGPV 326 MW 2,086 MW
New Customer SelfSupply (CSS) Energy Storagt 89 MWh | 1,057 MW
New Demand Response Capacity 115 MW 442 MW

New DemandResponse Energy Storage 104 MWh | 1,608 MWh

4 Cyber- physical systems combine the  cyber and physical worlds with technologies that can respond in real time to their

environments. Cyber - physical platforms (including the Internet of Things, Industrial Internet, and more) include co - engineered
interacting networks of physical and computat ional components. From the National Institute of Standards and Technology (NIST):
https://www.nist.gov/programs - projects/cyber - physical - systems - program

5 Available at https://www.hawaiianelectric.com/about - us/our - vision

6 Details provided in Section 8.4 of this Strategy.

Hawaiian Electric
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A more reliable and resilient gridill ensure that power flows from the edge can contribute to
Hawaid O AT Aocu 1T AAAO AT A Al Ol DOl OEAA EI BOIT OAA
Moreover, grid modernizatiolcan serve aa catalyst that enableconvergenceof an

integrated electric network with telecommunications, watemdtransportation systemso

sustainably support a vibrant economyHhtawai.

The modernizedgrid platformshouldbe basedn anarchitecture that enablethe right pieces
to be added at the right time at the right level of investmektodernizationshouldbe
coordinated with aging infrastructure replacement to thoughtfully align with customer and
policy needs in a costffective manner. This strategy will also requir@ganizational and
business process changes witlie Companiesn orderto efficientlyimplement and operate
the resulting modern grid.

This integrated, moderngriE O AT 1T OEOOAT O xdefhionOEA #1 1 1 EOOET 1

0A modernized grid assures continued safe, reliable, and resilient utility network
operations, and enablésawai to meet its energy policy goals, including integration ¢f
renewable electrity sources and distributed energy resources. An integrated, modgrn
grid provides for greater system efficiency and greater utilization of grid assets, enables
the development of new products and services, provides customers with necessary
information andools to enable their energy choices, and supports a secure, open
standardshased and interoperable utility netwarko

Hawaiian Electric
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By working together with customerand stakeholders
the Companies firmly believe thahey can improve

operational efficiency and redudee dependence on At its core, this modern grid will
fossil fuels that contribute to global warming while serve as a platform that provide
moving Hawaibto a sustainable energy futur@he flexibility, reliability, and greater

future ofHawai’d O AT AOCU E O thatA OA A vdluk fordl custbnfed 1
approximateshalf of therequiredrenewableresources
comngZ£OT I AOOOT I AOOs ABMOOOEAOOAA OAOT OOAAOS
core, this modern grid will serve as a platfotinat provides flexibility, reliability, andreater

value forall customers It will provide access to lowecost renewable energy for customers

who do nothave distributed resource#t alsoenables greater value for customers that have

the opportunity to employ distributed resources. This is be@usodernization enables
customers to adopt DER and the potential to monetize additional value through selling

services to the Companies to contribute to meeting the needs of all customers.
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The Companies, in effect, are enabling the sharing economegl&mgtricity in which all

customers benefitModernizingHawaidd @rid For Our Customessagrid modernization

strategy organizedaround the topicsdentified andthe questions raisede T OEA #$ 1 1 EOOEI
Order 34281 which is described as follows:

E Section 2 summarizethe input andfeedback received from customerkey
stakeholdersandthe industry.

E Section 3 describethe architectural view of a modern gridor Hawaib andatargeted,
proportional approach to implementation.

E Section 4dintroducesan integrated gridplanning process tguide development of
resourcesjncluding bothtransmission and distribution going forward his section also
links planning to a proposed cosffectiveness framework and its relationship to
ratemaking.

E Sectonsu | AOEUAO OEA AOOOAT O OOAOA 1T & OEA #i11
and highlightsmportant technical considerations to address in the near term
(approxmately sixyears)

E Section 6 highlights th@verallcustomerengagement strategyin relation to gid
modernizationand keytechnologies proposed over the nearm that build on existing
solutions.

E Section 7 highlightshe grid-facing technology strategy and nederm investments
that will enable flexible future scenarios

E Section 8rovides the neaterm grid modernization roadmap along wittonceptual
costestimates anda summary comparative assessmeuoit enhanced businesas-usual
versus grid modernizationlternatives

E Appendix A contains a list of acronyms and a glossary totassiseader in
understanding industry terms used ihis Strategy

E AppendicesB-Fcontain additional supporting material.
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2 Customer & Stakeholder Engagement

The Companies have engaged and will continue to engage with customers and stakeholders to

seek inpw and feedback on grid modernization. Thig&logue isan evolving conversation
aboutcustomer needs andhat it will take to affordably build a reliable grid in pursuit of
Hawaidd O AT A OupetingGHesk goalgvolves building a common understandjrof the
challenges, opportunitiesand tradeoffs involved with enhancing the electric grid to meet

customer service expectations and achigiie OA OA S O OAT That dnddrsfandigd A1 O8

starts with listening to customers and stakeholders.

Tosolicit cilstomer input tothis Strategy, the Companies hired a consumer research firm,
Ward Researclo independentlyconduct a series of customer interviews and focus group
meetings from a crossection of commercial and residential customers and community
organizations acrosklawaib.” These engagements were intended to gain better insight into
consumer preferences, miities, and expectations related to grid modernization. Goe-one
interviews and focus groups were held dawai (in both Hilo and KonaMaui, andO&@hu
during April and May 201This input, along with input provided by stakeholders and
information discussed during the May 10, 20Mbdern Grid Technology & Leading Practices
Workshop, was used to develop the draft Strategy that was filed on June 30, 2017.

Following thereleaseof the draft Strategyin June 201,2zhe Companies sought additional
input from stakeholders, customers, atleCAT AOAT DB OAIT EA O webbitésC E
town-hall-style public meetings held on the islands of Matd&waib (in both Hilo and Kona)

and O@hu;, and meetings with stakeholder3he comments receivethrough August 9, 2017

in response to the draft version of this report @@mpiledin a separate documentHawaiian

%l AAOOEA #1101 PATEAOS * O1 A WdaCastomér@nil &ékeHolGeE A
Engagement and Feedback

"Ward Researchés full report is included in Appendix B.

OEA

T AA

8Hawaiian Electric Companiesd June 20 1-7Cuflamarfand S@keliolder Bhgay@ment and Eeedbazla St rat egy

https://lwww.hawaiianelectric.com/Documents/about_us/investing_in_the_future/public_comment_on_grid_mod_strategy_draft.pd
f
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2.1 CUSTOMER INSIGHTS FRM WARD RESEARCH OUTREACH

Dramatic differences were seen in the

pergpectives coming from energy experts,

advocatesandlarge commercial users

compared withthose of residential

customers. The hopes and expectations of

residential customers align arouritie

question, WE A @t ©r mee Bhey see a

modernized grid as a way to allow more

rooftop solar and, ultimately, to reduce cost

through the use of this renewable energy

source. Even when discussing the

ET OACOAOQEITT 1T &£ OOAT AXAAT A  OAOT OOAAOCo ET OI
the grid, mostresidential customers view

renewablesn terms of rooftop solar and not throughvehole-systemlens (e.g., wind,
biomass, waste to energy, geothermal, etcThe focws on individual rooftop solawyith
information coming from solar salespeople, the media, dhelir friends and neighbrs, really
preventscustomersfrom thinking much further abouthallenges associated witHawaidd O
renewableenergy goals

The energy experts and advocates, on the other hand, are clearly focusddwaiid gdal of

100 percent clean energy. They, tawant to see a greater ability of the grid to incorporate

rooftop solar, butthey take a broader view of the various resources availdibileresidential

customers tended to express impatience related to less expensive energy and lower bills, the
energy $akeholders expressed frustration at the pace of the needed grid modernization,

wanting the Companiego be further along tharthey aretoday. In the interviews, large

commercial users focused their attention on grid stability and flexibility; issuesdar the

OAOGEAAT OEAI OOAOBO AxAOATAGO T O AT 1T OEAAOAOQEIT I

Reliability is important to all stakeholder audiences, wateryoneexpressing relatively high

levels of satisfaction with current reliabilibAt the meetings manyresidential customers

struggled v OE OEA EAAA T &£ 1A0O0 jT1 O 11T 0AQ OAI EAAEI E
the maximum reliability possible, such that incremental differences are imperceptible to them.

Some of the energy stakeholders were relatively more familiar withrétdundancies needed

to achieve greater reliability and the associated costs of those redundancies. They believe the

utility should be required to provide a threshold level of reliability, such as is provided now, and

the customer should bear the cost ofiadditional reliability.
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Two videoswereshown to residential customers in the focus grops/o-Way Flow and Grid

Opsy andserved to educate them about grid management issu@seducation that they

suggested should be broadly shared with the general population. Prior to viewing the videos, it

x AOT 6 0 OT1 AT ihdsébDlA COOE AFEAMG OO0 OAZEAO Oi wib@EA COEA
context for the interrelation of the island seci O OEA COEA OOOi .@fdrCc AT AO
seeing the videogarticipants reported thathey had no idea that differing sources of energy

had tobe balanced or thamanaging this balances achallenge for the&Companies. They also

indicated a beter undesstanding of the(AE AT 1 AT CAO AOOTI AEAOAA xEOE OA
new wnderstanding,the residential customersere able toengage in deeper discussion about
incorporating renewables into the grid, energy storage, and other timely issefécted in the

feedback

301 OACA | PAOOEAOI AT U AAOOAOU OOT OACAh AO DPOA
' O A EHawab lieesgy future, to quote one of the energy experts. It must be noted,

however, that some residential customers belethat energy can be stored in the grid

currently and used when needed. Customers across all stakeholder groups wantlsogese

scale grid-connectedstorage located around each of the islands to help stabilize the grid and

increase efficiency, while opinions differ regarding who should pay for this. Most feel that this

storage will benefit everyone so the cost should be shared, while others fees #usexpense

that should be borne by the utility. Howevearncerns expressed lmustomersinclude how

they would benefitif batteriescanexplode or catch firef anyhealth hazardsirerelated to

battery leakage, etc.

Energy experts and larger commeat usersare focused on aetter understandingdof macro-

level grid usage patterns and individuals having access to their own usageDaditeaccess
includingusage andrariable pricing that may change dalily, is of great interest to those with an
involved with public policy and those able to use sophisticated energy managgeraystems.
They see thisgnformation as key to increasing energy efficiency and controlling costs. Without
specific programs to test, however, residential customers do not expresstme interest,

nor do they display any awarenesstbé usefulness ofranulardata. As stated earlier,

residential customersemain focused on other issues that have (currently) identifiable benefits
to them, such as the incorporation of more rooftopl@oand features that they believe can
reduce their monthly bills.

9 Maintaining Safe and Reliable Energy for Customers YouTube Video: https://lwww.youtube.com/watch?v=QECzuo8WD4|

Managing a Two - Way System to Integrate More Renewable Energy YouTube Video: https://lwww.you tube.com/watch?v=nH47jRCk5cw
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Conversations around/ho should pay for grid
modernizationbrought outsome interesting
dynamics. In general, participants across all ( A x AdedsEquitableost allocation
stakeholder groups believe that the cost of and compensation for customers and
improvements that benefit all users (e,@fforts  other nonutility service providersho
that allow for the integration of more renewabl both provide and receive grid services.
energy sources, whether residential rooftop
solar, wind turbines, or biomass plants) should be

OEAOAA AU Ail OOAOO8 4EEO EO OAAT AO ADPDPOI AAE
goodd (I xAOGAOh OEEO Al i1 EOI AT OGnpovessdtd thabbemet AT AT 1
photovoltaic cell PV) owners only; someustomersfeel that PV owners are not paying their

fair share now. Taking the concept one step further to grid enhancements that can be

allocated to the costs afhargingelectric vehicle (E\s), residential participants were clear that

EV owners should pay for thesahancements given the benefits they enjoy currently (e.g.

free charging at public facilities and shopping centansiavoidance of gasoline taxes) and

their ability to pay foh OB OA 1 E@um) euitalle®cdst allocation and compensation for

electric grid services and benefits provided to and by customers and otheutility service

providers is needed

Hawaiian Electric
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2.2 STAKEHOLDERENGAGEMENT

The Companies met directly with severghkeholders athe start of thisStrategy
development to seekjeneralinput regarding grid modernization and clarification on several
AOPAAOO T £ OGrder34d8iv inéudidyEEbrindsSlostaff, the Consumer
Advocate,the Uluporo Initiative, andthe Hawaid Natural Energy Institut¢HNE).

Thesestakeholdersexpressedhat customerneeds and feedbackere a priority Theyagreed
that grid modernization investmentsiust be costeffective andproportional totheseneeds
and thatthe needsshouldbe identified via a transparent planning proce3heystated that
needed investmentshouldbe prioritizedto keepoptionsopen for incorporatinguture
technical innovationsWhile customer affordability is a key consideratiohey recognized
that grid modernization investmentare necessaryo enable continued customeadoption of
DER andstate renewable energyolicy actiong(i.e., Hawake &FS. Therefore, theythink it

essentiafor OEA #1 1 BAT EAOS6 OO OAMNSG empldyiagriorizr€dA OANOAT O b

targeted approachfor necessarynfrastructure investmentsrather thandefaultto system
wide deployments Longerterm, they anticipate the need to strike lzalance between
distributed andlarge-scale renewable energyThis balance will biirther shaped byresource
potential, rates, DER technology innovation, and custoncéoice Thestakeholder feedback
receivedcan be summarized dsllows:

Need: Prioritize the investments in the near term

Flexibility : Keepopenfuture options forinvestments and technologinnovations

Cost Balance renewable energy goals with the cost to achieve them

Transparency Describe the alternatives considered and decismaking process for
selecting grid modernization technologies and solutions

E Risk Consider technologgbsolescencand potential for stranded assets

E Fairness Consider fair and equitable treatment of customers.

[T [T [T mr

On May 10, 2017, the Companies hostdd@lern Grid Technology & Leading Practices
Workshop Stakeholdersincludingcustomesand DER, DR, and PSIP partieere invited to
attend inperson or througha webcast: The objective was to facilitate the constructive
exchange of information on commercially available advanced technologies and leading
industry practices fomodernizirg theelectric grid.The workshop involved several panels
discussing key topics identified by the Commission in its arder

10Commission Order No. 34281 Dismissing Application Without Prejudice and Providing Guidance for Developing a Grid
Modernization Strategy, January 4, 2017:
https://[dms.puc.hawaii.gov/dms/OpenDocServiet?RT=&document_id=91+3+ICM4+LSDB15+PC_DocketReport59+26+A1001001
A17A05B01613H2647618+A17A05B31600C464561+14+1 960

"Hawaiian Electric Companies - Modern Grid Technology & Leading Practices Workshop: http://www.enernex.com/heco - modern -
grid - technology - leading - practices - workshop/
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The panel speakers included leading custorfeeing and gridfacing technology suppliers as
well as leading industry experts on gritbdernization from the U.S. Department of Energy
(DOE) the Pacific Northwest National LaPNNL) the Electric PoweResearchnstitute
(EPRI)HNEI andthe SmartElectricPowerAlliance Theworkshop attracted over one hundred
in-person attendeeswith roughlyanother fifty participating via webcast

Workshop discussion reinforced the recognition thédwaidis on the leading edge of
redesigning electric grids to accommodate very high levels of DER and-$maje renewable
resources. However, Uities and regulatorsaroundthe world have been encounterirgpmeof
the same challengeslawaib faces Thisworkshopidentified severakey emergingandleading
practicesto developa modern gridor Hawaid. The recommended practices that came out of
the workshop are as follows

E Defineclear objectives and attributes for the grid
Developgrid architectureto addresshese objectives/attributeshat can evolve with
technological innovation
E Utilize open standardss anessentialaspectin reducing implementation costs and
achieving interoperabilityor future flexibility.
E Identify andassesshe technological and operatingnnovations thatoffer the potential
for meetingHawaidd O 1 A A A GngdustomerAaiud A O
E Adoptalogical implemenation plan based on the architectutkat is capable of
AOi 1 OEDICl § E8sABG OEA. xET Al xO ET EEO0O0DO6Q

(114

The input received from customers, stakeholdeasd industrymembers over the course of the
workshop provided useful perspectivesthe planning pocess The strategy that came out of
these discussionandthat is outlined inthis Strategyis responsive to customeiseeds

OAZI AAOO OO0AE ArdleveraghsOeading fractieds @dhoSsih@ industry.
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2.3 CUSTOMER AND STAKEHQDER ENGAGEMENTREGARDINGTHE DRAFT
STRATEGY

Following thesubmission of thadune 201 draft Strategy, the Companies invited customers
and stakeholders to provide comments and questions by e@dal O1 OCE OEA #1 1 PAT E.

Modernization website and through public meeting

In July and August 2017, the Companies met with the Commission and Consumer Adascate,
well aswith Hawaib Energy, County oHawaib staff, County of Maustaff, Maui Tomorrowthe
Maui CounciEnergy CommitteeChair, WiREWomen in Renewable Energyhe Department

of Business Economic Development, and Touri@BEDT), the HonoluluCity Council Chair,
HonoluluCity Councilmember Manahan, Ulupono Initiatii@pard of Water SupplyBWS,
variouscity andcounty of Honoluludepartments andthe U.S. Army. The feedback received
during these meetingsvasconsistently positive Stakeholderexpressed that they

appreciated havinghe briefings,which led toa better understanding of how grid

modernization relates to their organitians. Thesestakeholders welcomedontinued

dialogue todiscuss andaordinate energyrelated initiatives

The Companies held towhall-style public meetingsn Hilo and Kona okhlawai Island and on
Maui andO@hubetween July 31, 201d@nd August 7, 201% review theStrategywith

customers, answer their questioysnd receive their comment§ he meetingsegan with an
interactiveopen housewherecustomers engagewiththe# 1 | D AT E A\Gehidedd OéveE/ES
then shown a briepresentaion summarizing the drafStrategyandwereinvited to submit
guestionsand/or providewritten comments. The input received as part of this public outreach
provedvaluable irfinalizing thisStrategy.

The public comments and questions are included ihifub documenttitled Hawaiian Electric

#1 1 PATEAOCS *O1T A woxé¢ $ OACatmerand StakehbldeA OT EUAQET 1
Engagement and Feedbadlhe comments and questions cover a range of grid modernization

topics and underscore the importance of coster engagement to plan the development of a

modern grid for altustomers.In addition to customer input, the technical questions and
commentsreceived via electronic mdilom energy stakeholders anthe vendor community

were insightful and appreciated. Eacommentwas thoughtfully consideredand clarification

was added tdhis Strategyas appropriate

Many customers questioned hoavgid modernizationstrategy will help all customers, not just

those with rooftop solar. Similarly, customers and stakeholders alike wondered what would

happen ifthe grid is not modernizedSection 1 summarizes the value of grid modernization to
customers in that it will enable continued growth in DER participation consistettit the

December 2016 PSIP projections, at a cost te&82percentlower than thetraditional wires

Al OAOT AGEOGA AT 1 OEAAOAA ET OEA 03)08 7EOEIT 00 ¢

12 Grid Modernization Strategy:  http:/www.hawaiianelectric.com/gridmod
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integrate DER aneéxtract the greatest value froER and DResources will be greatly
impeded. Additional edits were made throughotltis Strategyto emphasize the customer
benefit and perspective for the topic area of discussion.

Additionally, customers wanted to know more specifics related to how electric vehiijare

into future grid modernization and the overall goal of Jf€rcentrenewable energylLikewise,

the Energy Freedom Coalition of America (EFCA) recommended the plan more fully consider
the role of electric vehicles in achieving 4@ A Crikdh @negy vision.Section6.5.1discuses
OEA #1 [ ddgbihgElRdDibication of TransportatiofEoT)efforts.

Somecustomers expressed concerns related to the hie&tfects of advanced meters and
emphasized the need for alternatives. Sectiord.lsummarizeD E A # | [ findinb &Bud &
the health effects of advanced meters aaccommitment toexplore wired communication
alternatives for advanced meters for select customers and applications with poor radio
reception.

Through the townhall-style meetings it became obvious tht the Strategy needed to more
clearly articulate theconcept ofproportionaladvanced meter deploymenSome of the
details, subject to Commission approvae still to be determined as thidtrategymatures
from planning to implementationThe generaldeaisthat customersvho choose to
participatein programs, such as a OfRogram, whichrequires functionality provided by an
advanced meter, would receive one as part of their participatidmnscentralconcept of
proportional deployment is more fullyxplained in Section 3 and throughotltis Strategy

However, theEnvironmentalDefenseFund (EDF)suggested a fulfrather than gproportional)

deploymentof advanced metering infrastructur@AMI) should be considered consistent with a

New York Public S&EAA #1711 1 EOOEIT 1T OAAO A O #1101 1 EAAOQA
program.%$ & A O @QA@OKSArgeteddedoyment may keep costs down in the short

term but one may be foregoing the customer benefits and economies of scale that a system

wide orgeco@ ADEEAAT ADPDPOI AAE Ol ! ElementalERdelératdrdfisbo O | AU
incomplete data for utility program development such as rate developmEgofl, demand

responsgDR) and distributed energy resour¢d®ER) market developmenEor instance, it

would likely be difficult to develop effective tim@f-use rates as well as to change behavior

and measure resultsif the utility and regulators only have datarfpeople with solar or

Al AAOOEA OAEEAI AO86

Verizonfound the information presented within the draft report regarding customer and
stakeholder issues and interests te both informative and valuablélowever, the also
commentedO E A Oinfarn®diich preented on telecommunications technologiés

inaccurate and lacking with respect to cellular communications with a predisposition towards
legacy RF Mesh communicatiogs.

Meanwhile, Ciscaoted, JClomments attempt to show how the mesh option offers greater
strengths and minimizes risk whereas the-edlllular option may not be capable of meeting
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AOGI 1 OET ¢ &O01 AOGET T Al OANOEOAIT Al 005 miewofféddl A OA £ O
more considerations withiits document as well by emphasizing theetfor a

telecommunication architectures that can 1) support increasing sectionaliza#paupport

increasing deterministic qualities measured as latency and predictaladiig 3) support

distributed computing.

Section7.52D 01 OEAAO AT 1 OAOOEAx 1T &£ OEA #1711 DPAT EAOG E
telecommunications that incorporates flexibility with a logical progression of targeted
deployment based on grid and customer needs.

%&#! OAAT I[Thapla dhdufd cabsider opportunities teverage DERS to address

efforts aimed at improving visibility of DER operations and situational awaren@é® use of

DER standards and data is discusse8ections3 and 8 of thiStrategy. EFCA also

OAAT T 1T AT AAA OEAO OOEA ity ohdnerd) Etbrayé ahd povleAT CT EUA O
electronics to provide voltage and reactive power suppmfthe Companies discuss voltage
management inSection7.3.3 where priately ownedadvancednverters are expected to play

an important role.

Related to a control architecturethe topic of distributed computingnd utilization of a

distributed energy resource management system (DERM&S raised by Smarter Grid

31 1 O O Edworder whather distributed controls, apart from the distributear devices,

should not also form part of the strategies. Although DERMS is cited, most DERMS solutions

x A8 OA OAOGEAxAA A 111 x A OOAAEOET T AltheAlhT OOAT EU
this Strateg8 O$ EOOOEAOOAA AT 1 0011 DHOI OEAAO A Al i1 PAI
distribution management systemOMS) through a lowcost, criticallocation first, gridedge

approach.This distributed control architecture can be deployed in acsenf the DMS and

eventually cooperates with the DMS and gradually provide more, better data to-bé&ae

systemso

SAAQGETT Q DPOI OEAAO Al Awobpi AT AOGETT 1T £ OEA 1 AUA
full utilization of DER energy export toeéhgrid, DR programs, and potential for aggregated

DER and DR servicebhis layered architectural approach, foundedhe PNNLgrid

architecture, emphasizes thiemportance of developing the grid as a platfotmenable hybrid
computational paradigmss

Among many considerations, the Maui Office of Economic Development g<ksh the final

report elaborate on any examples whe®ADA Supervisory Control and Data Acquisitijon

AAET AA O1 EAAT OE AU Hgurdl5a0dFigid18iniSedddns.2Qttak EOOOA O
where the SCADA system was recording normal voltages but the line sensor installed

subsequent to customer concerns about power quality clearly illustrated voltage issues on the
distribution feeder.

13 PNNL Grid Architecture:  http://gridarchitecture.pnnl.gov/
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GridCo Systems was @it in suggesting thatth€l | PAT EAO OET Al OAA A 00600
functional blueprint of the proposed modernized grid design that supports the stated Grid
Modernization Principles, as well asvark plarfroadmap, detailing sequential technology

investmentst AAEEAOA OEA &£01 AOET T Al EOEAO6 AOOEAOI A
I OCAT EUAOCEIT O AT A OEI OCEO 1 AAAAOO bPi OAA OEI EI
Strategy. While important, these questions were too specific for the purposesi®Sthetegy

and are intended to baddressedas part offorthcoming applications for funding or as part of

the ongoing gridplanning processes.

ThisupdatedStrategyincorporates the feedback receivdabth duringthe development ofand
subsequent tahe June 302017 draft Strategy. The Companies recognize timaportance of
understandng customerd 1 And AxPectationsindhavedeveloped strategies and
prioritiesthat address these needs and expectatioifie Companies are similarly awahat
learning from the industry community can provide valuable insights and ideas on the most
AEEAAOEOA x AUO néetisand dxpebiatidn§ DHiSirdtedy (st one step in an
ongoing and earnest attempt to do just thatVelook forward to continung the engagement
with our customers and stakeholders to build the grid we need.
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3 Grid Modernization Strategy

The Companies believe thateeting customerexpectations for reliabilityand increasing DER
utilization can be doneost-effectively through propetional investment in advanced
technology and foundational cybephysical infrastructureln other wordsthe Companies
propose a strategy to evolve thgrid using advanced technolaégsat a pace consistent with
meeting customer needs and deriving custonvaluewhile remaining flexible to adojog
emerging technologies

This evolution will continue to provide reliable service while integratirdjvere setof

customer and independeht ownedrenewableresources, including, renewabggeneration

EVs andenergy storagesolutions Clean, reliable lectricity isthe lifeblood of amodern

economy. The grid we needill enableHawaid O AT 1T OET OAA DHPOT OPAOEOUS8

3.1 THE GRID WE NEED

The gridHawaid needsinvolvesmore thanreplacing old poles and wirggt involves overlaying
digital intelligence and automation to create a more efficient, resilient electric sydteahis
capable of efficiently utilizing all gridonnected resourcesAsthe Companiepursue this
customercentric visiongrid modernization will present opportunitie® solvetechnical
challengesncounteredasthe existing gridransformsover the next 20 or more years:

E Currentstatus: Significantgrowth of customerDER(approximately 600 MW across the
#1 1 DPAT EAOS I@adresOiedilverdl @ystdn@rdindividualcircuit
penetration leveldigher thanthoseexperienced in angther part of the worldThe
rate of growth has outpacethe ability to properly address technicaind operational
issuesat all levels of the gd: bulk generation, transmissigrand the distribution
system The rapid change in the operating characteristics of the power system is
challenging the operational capabilityf the system to provide essential servicasd
maintain thesafety andreliability of the electric supply ilawai. Reliability and
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resiliency of the grid take on greater importanassignificant weather events increase
as experienced by utilities across the natian.

E Near-term goals: Continued aistomerDERadoption and use of DE&S a grid resource
necessitates integration of advanced grid technologies into the distribution system
enable costeffective DERintegration and utilization The grid wilevolve into a conduit
for coordinated import and export of energy and related\sees.Approximately 326
MW of new DER resource89 MWh of customer selfsupply (CSS) energy storagend
115 MW oDR resourcesincludingl04 MW of DRenergy storageesourcesare
expected to be integrated by 2021 This use of the distribution syste represents a
new paradigm for grid operations and further emphasizes the importance of religbility
resilience and operational flexibility.

E Long-term goals: Extendthe integrated gridplatform to leverage energy storage,
advanced grid technologieand cyberphysical infrastructure upgrades that can
incrementally evolveover time Such a grid caachiewe the goal of 10(Qpoercent
renewables by 2045with grid-scale and distributed resources (approximately 3,000 MW
each that are both intermittent and tghly variable as envisioned in the PSIP.
Moreover, such a grid would enable thensergence of multiple systems that would
create strong economic benefifer communities, businesses, and customers as well as
the infrastructure owners.

ThisStrategyfocuses on the neaterm approachfor the nextsixyears to ensure flexibility over

the longer term to adjust to changing circumstances and technological breakthrouighs.
maximizebenefits, these neaiterm investments musset the foundatiornto evolve the

Comb AT E A Godme& éhEndirustomerneeds and demandd hisStrategyis also

tailoredtoOEA OT ENOA 1T AOOOA 1T &£ OEA #1711 PATEAOS EIT £OA
system is comprised of relatively small to very small island gritis high DGPV penetration.

Hawaibdoes not have the luxury of being able to rely on neighboring states to make up for

generation shortfalls due to high customer demandfor export of energy during oversupply

situations Therefore, maintainingand planning

aroundreliability is critically important.

Evolution of the grid is expected to adapt to

changes in customer needs, tewblogical

developments and other factors over time. To

continue tocollectively understand the drivers of

change and impact on the grid, Sectidrof this

Strategy proposes an ongoing integrated grialanning process with stakeholder engagement

14 Commite e, Enhancing the Resilience of the Nationds Electric Power Transmissioc
Academies, pre - publication, 2017,  htt ps://www.nap.edu/catalog/24836/enhancing - the - resilience - of - the - nations - electricity -
system

15pecember 2016 PSIP, at ES- 2.
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that holistically addresses resource planning (both bulk and DER), transmidsioning and
distribution planning.

3.2 GRID ARCHITECTURE

Grid goerational systemsre evolvirg in complexity and scale witlné irtegration and

utilization of DER®This evolution increase$e need for enhancedunctionality related to

planning, operations, and support for operational markdt®wever, his also introduces

operational risks ithe forms ofsystem complexity andulnerability tocyberattack.!’ This

increased complexity goes well beyond what traditional distribution system designs can

manage properlyTo manage the complexityg scalable, extensible architectural approash

needdl that can address the multiple layers of resources connectdtatransmissionand
distributionlevelaswellaA AEET A OEA [ AOAO 1 Is AdnBtdd bAtleO OT | A 08 C
Commission in Order 34284 grid architecture is an important part ohg grid modernization

strategy.

0Grid Architecture is the application of system architecture, network theory,
and control theory to the electric power grig'®

The Companies have grounded the development of 8irategy in the grid achitectural
approach described by PNNEThree key aspects for a grid modernization strategy are 1)
layered architecture, 2) platforms, and 3) extensibility to enable proportioealayment.

16\, McGranaghan, et al., Renewable Systems Interconnection Study: Advanced Grid Planning and Operations, Sandia, 2008:
https://lwww1.eere.energy.gov/solar/pdfs/advanced_grid_planning_operations.pdf

17staff, U.S. DOE Office Of Electricity Delivery And Energy Reliability, Energy Secto r Cybersecurity Framework Implementation
Guidance, January 2015:
https://lenergy.gov/sites/prod/files/ 2015/01/f19/Energy%20Sector%20Cybersecurity%20Framework%20Implementation%20Guida
nce_FINAL_01- 05- 15.pdf

8By, s. DOE, Pacific Northwest National Lab: oTutorials and Advanced Concepts
http:/gridarchitecture.pnnl.gov/

19, Taft and A. Becker - Dippmann. Grid Architecture. PNNL - 24044, Pacific Northwest National Laboratory. 2015:
http://www.pnnl.gov/main/publications/external/technical_reports/PNNL - 24044 _2 pdf
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3.2.1 Layered Architecture

Developing a new grid strategy requires the careful, planned review of many factors. It is
important to consider DERNdDR programstheir potential to aggregateand provide grid
services andhow they relate to the ovelamanagement of the grid, including all existing
resources currently connected. With respect to the control architecture of the grid to ensure
reliable operations, PNNL notes:

0As variable and fdirectional power flows increase and DERs provide gridises,
there is a need to effectively coordinate this activity. Coordination is the process of
ensuring that distributed elements (i.e., grid components, DERs, organizations)
collaborate appropriately to solve a

common problem. It can involve direct

control, markets, or organizational

interaction rules, among other things.

A layered architectural approach to operating

the grid involvesoordinatingresources across

three layers: customers, distribution, and

transmission. The coordination framework

that PNNL describes above involves managing the operation of WiRdistribution and
transmission systemsas well agrid-scalegeneration This is a distributed, layered
architectural approach to developing and operating the gAdayered approach allows
coordinated management of the complex security and control interfacef WER
aggregators and the flexibility to interface with customer systems that alreaxigt, as well as
new ones that will be added oveéme. Without proper coordination, managing this level of
complexitywill be problematic, as many of these systems haeastandard interfaces and
uncertain cybersecurity protocols.

Traditional distribution engineering architectu@nddesigns are inadequate to address these
issues. Also, informatioicentric architecturege focusing primarily on information flowsare
usdul but not sufficientto address the physical aspeat§the modern gridlt is equivalento
having the plumbing design for a houbat notthe blueprint of thewhole housgrepresented
by the gridarchitecture). Given these issuef)e Companiesre prgosing to pursue a holistic
grid architecture. One key aspect fblawaiis the architectural approach for controls. The
Companies are pursuing a twmart control strategy an approach for normal operating
conditions to utilize DERas illustrated irFigure2, and backup controls toontrol the output of
DER to maintain system reliability under abnormal operating conditj@ssdescribed in
Section3.2.1.2 These operating conditions atmiqueto Hawaik &l@nd grids as there is no
interconnection to a neighboring grid to balance supply and demand during unexpected
systan disturbances

20Smart Grid Coordination Group, Smart Grid Reference Architecture, CEN - CENELECGETSI, November 2012:
https://ec.europa.eu/energy/sites/ener/files/documents/xpert_groupl_reference_architecture.pdf
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3.2.1.1 Normal Operational Controls

Figure 2 Distributed, Layered Approach for DER
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As illustrated irFigure2 the level of operational control and interfaces involve several different
types of DER and controls within a distributed, layered architecture:

E Merchant DER(Independent Power Producetd)hird-party provider assets directly
connected to subtransmission or distribution systems providing services directly to the
grid that require direct control and an information interface with grid operations. This is
necessary given the anticipated size oérohant resources.

E DER Aggregators Aggregaton ofcustomer assets to provide services to the grid. For
aggregated DERhe Companieglo not believe it is necessary to directly control each
resource. Ratheithe Companiegxpect to establish and secure aperational
interface with each aggregator to share operational instructions and appropriate
information.
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For thoseprograms thatthe Companiegnanage,direct interfacewith and controlof
those devicesnay be needed

choose not to participate in an aggregator wtility program. Establishing operational
standards for DER, such as those being developed in IEEE 4Bd7As the Companies

E New Autonomous Operation PostW® X & A O O O hdvédheadE 1 OROBD A6 $ %2

AOA POI PT OET C ET OEA #1111 EOCOETTB60 $%2 )1 OA

0192, will enable autonomous functionality of DBR/anced inverters that willnot
adversely affecthe grid. A challenge for the industry is that IEEE 1547 leaves quite a lot

2nstitute of Electrical and Electronics Engineers (IEEB 1547 Standard for Interconnecting Distributed Resources With Electric Power
Systems: http://grouper.ieee.org/groups/scc21/1547/1547_index.html
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of flexibility for manufactures to select different communications and protogols
achieving functional standardization will be difficult.

E Legacy Operation Pe-2016 inverter DER without advanced inverter functionality
capabilities such as the expanded frequency and voltage rangethideigh. Legacy
DER systems will not be directly managed but may require additional investment,
especiallyat the bulk system level, to account for their impacts as more DER is
integrated onto the grid.

3.2.1.2 Abnormal System Reliability Controls

Inaddition to the normal operational controls describedbove there needs to be alternative
means of controlling the amant of power beingoroduced by DER systenumder abnormal
circumstances that threategrid reliability andstability. One of thecurrentchallenges in
accommodating DER at the system level is that the amount of active poweierg produceds
not visibleto or controllableby the grid operator. In the event ofneexcess generation eveat
the bulk system level or other conditions that endanger safety or reliability of the grid, other
resources must be adjuste@entral generators have physical operating garlimitations,

z A > z ~ A

security, that is, each island grid has a system hosting capacity, as discussed in Settion

As DER continues to growhe need forvisibility and controllability of DER resourciss
becoming increasingly criticab maintaining grid reliability and stability? This is particularly
important underabnormal conditionsvhere, for examplegeneration and load are
mismatched available controllable generatiois at its minimum output, andall dispatchable
grid-scale renewable resources are curtailed and offlimeder such conditionsf supply and
demand cannot be balanceduickly, system frequency could deviate from normal operating
ranges Although not expected to occur often with a balanced portfolio in the PSIP with
corresponding integration systems (storage, DR, etd)s abnormalcircumstance ould result
in an islanewide blackout exacerbated by the loss of legacy D& invertersthat trip out of
service due to system frequency or voltage excursions during these events. This is a situation
somewhat unique to island grids likéawaidd @ grid operator in California, for examplés
able to exportanyexcessnergyto neighboring states during periods sfirplusenergy on the
systemandimport shortfallsfrom other westernstates2+

22 Essential Reliability Services Working Group, Distributed Energy Resources Report, NERC, Febr uary 2017:
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/Distributed_Energy Resources_Report.pdf

23 Alternating Current (AC) follows  a sinusoidal waveform. In the U.S. IEEE 15477 specifies a desired waveform frequency of 60 Hz.

24 See Western Energy Imbalance Market - https://www.westerneim.com/Pages/About/default.aspx
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To addresshis need forsystemsecurity, stability, andeliability, the following functionality is
requiredof DER resources (such as inverbased PV)

E Secure, eliable, low latency, biirectional communication path between utility
operations and control deviceincluding the aility to enable event/contol signals,
device statusand data transmission

E Ability to temporarily curtail power production for operational emergency events
including

o0 Both power produced by DE&nd loadparticipatingin grid services
o Discrete load curtailment for underfrequeneyentswhencontinued power
productionfrom DERs requiredo maintain system stability

E Revenuequality powerproduction measurements

This type of information and controllability is consistent with requirements for lasgale
generators andNorth American Electric Reliability Corporation (NER@Qings for distributed
resourcesThisisalsoconsistent with best practice®r DERIn Australia, Germanyand other
European countriesvith high levels of distributed supply resources

The Compares have explorednd will continue to explorgest, and pilotseveraitechnology

solutions to enable this functionalitipr DER resourced his includesdvanced metes with

variable latching relaysytilization of the advanced meter to address an advashaeverter,

Of AOGAO AT 11 A006 AO A |11 AE EEA ADGEsysiem @nda satA OOA A
householdcircuit breaker that provides metering, monitoringnd control of the

interconnected DERThe Companies are also aware of the internatibuse ofadio- or

powerline carrietbased ripple signal for inverter contrslHowever this approach is

incompatible with the field communication strateggnd would add considerable cost for a

second singlegpurpose unidirectionahetwork. Interestingly Germanyis movingaway from

such ripple signal schemés a more simple form ofontrollability and measuremenby using

a second meteas part ofits advancedmeter deployment2s Another optioncoming to market

through the adoption of IEEE 154dvancednverter functionssthe ability to remotely

control the level of inverter outpufThis is a promising development, but is expected to take

into the next decadeo implement into inverter product designdT A AADPI T U ET AOOOI
systems Plus, there are a®ciated complications with establishing secure, reliable

communications links to customaér devices vithird-party service providers.

25 E. Szab6, Control and Devices for the Feed - in of Renewable Energy Generating Systems into the Distribution Network,
Elektrotechnika November, 2013

26 E&Y, Cost- benefit analysis for the comprehensive use of smart metering, German Federal Ministry of Econo mics & Technology
http://www.bmwi.de/Redaktion/EN/Publikationen/cost - benefit - analysis - for - the - comprehensive - use- of - smart - metering -
systems.pdf?__blob=publicationFile&v=3
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An advancedmeter connected to customer DERrovides a immediatestandard means of
control and access with minimatliditional infrastructure upgradebeyond that needed foan
advanced meterAnadvancedneter canbe directly addressed by the utility, allowing the
generationto be disconnectedor limited)from the grid temporarily when necessary to
manage the electric system. Separating the DER facility from the premise load allows the
utility to directly monitor thelocally providedyeneration much more accurately thama
current estimation techniquesSeparatemetering of load and generatiomlsoallowsadvanced
underfrequency load sheschemes where generating resources can remain online while
customer load is temporarily shed during a system contingency evembther advantage to
separatingthe metering of load and generatiois that this technology ismmediatelyavailable
to facilitate the future growth of DER resource$he Massachusett®epartment ofEnergy
Resources has specified a second production meter for 8@mr Massachusetts Renewable
Target (SMART) program?7 Also, ®veralutilities around the natioremploy a second meter
including Kauai Island Utility Cooperative, Arizona Public Service (APS), Salt River Project
(SRP)andPublic Service New Mexico (PNK#).

It is clear that there are mumber of potential alternatives to address the controllability needed

in abnormal conditionsHowever, most of these areither not yet available (IEEE 1547, smart
circuit breakes) orare ursuitable (ripple control). Therefore, the Companies believéairig

an advanced meteconnected to customer DER the best option in the nederm.

I AAEOET T AT T Uh OEA #1101 PATEAOGS xEI |1 ZbhskddET OA
inverter functionality, as it matureand becomesommercially available andperationally

viable2°

The Companies expethat this two-part control architectureg utilizing primary control
methods to manage normal operations and backup controlsatenormal conditions to
maintain system reliabilityz will be the most coseffective for customers and aggregators.
However, the Companies musttainan option to directly control DER devicésr normal
operations)if the market fails to satisfy the necessary religgiand security requirements.

21 Solar Massachusetts Renewable Target (SMART) Final Program Design, January 31, 2017:
http://www.mass.gov/eea/docs/doer/rps - apsffinal - program - design - 1- 31- 17.pdf

28 Advanced Metering Infrastructure (AMI) for Distributed Solar (PV) Integration: Utility Survey Results. EPRI, Palo Alto, CA:
https://www.epri.com/#/pages/product/000000000001019585/

29 Alternatives being explored in response to customer/ stakeholder comment on June 2 017 draft strategy.
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3.2.2 The Grid as a Platform

The grid thatHawaid needs is based on the

concept of glatform that enables the The grid thaHawaibneeds is a reliable
integration of customer DERndthe utilization platform that enables the integration of
of DER as a system resourdde Companiesre customer DER and the uftilization of DE
applyingthe concept of a core platform as as a system resourcgduch a gridan
described by the U.S. DOE expand value for all customensd serve

o asa catalystto convergence of an
oéplatform relates t@egtalk®clesitc hadoilid sirer of t he
cyberphysical grid where certain componentsindustries

remain stable forming the core platform,
while other complementary modules are
integrated over time throgh interoperable interfaces. This modularization of a complex
system like the distribution grid enables functions to evolve incrementally as needs
dictate, consistent with the overall architectut®! For example, the physical
infrastructure of wires andransformers comprise part of the platform, but other
components, such as sensing and operational communications, should also be
considered as core in a modern grid. o

As indicated in Order 34281is type of platform will
necessarily involve technologies with different ldgcles
as more digital and software components antegrated The structure and use of open
with legacysystems Interfaces with customerand DER  standardswithin a robust grid
systems, such as inverters and aggregators, will likely bearchitectureare key tachieving
evenmore dynamidecausethese systems will have an open and flexible grid.
different life cycles.The structure and usef open
standards are key to achieving an open and flexible grid.
Thisgoalwasdiscussedy sveral technology firmsit the stakeholder workshop on May 10,
2017 ThisStrategycombinesthe adoption of standardized protocols and interfaces with an
architectural structure recommended by PNKIto develop the higHevel architecture that
can create a more cosaffective cyberphysical gridhat lowers the risk of technological
obsolescencéFigue 3).

30 C. Baldwin and C.J. Woodard, The Architecture of Platforms: A Unified View, Harvard Business School, 2008:
http://www.hbs.edu/faculty/Publication%20Files/09 - 034_149607b7 -2b95 - 4316 - b4b6 - 1df66dd34e83.pdf

3L Amrit Tiwana University of Georgia Benn Konsynski Emory University Ashley A. Bush Florida State University, Platform Evolutio n:
Coevolution of Platform Archit  ecture, Governance, and Environmental Dynamics, Information Systems Research, 2010:
http://misrc.csom.umn.edu/workshops/2010/fall/ISR%20commentary%20for thcoming%202010.pdf

32 DOE Next Generation Distribution System Platform (DSPx), Volume I http://doe - dspx.org/sample - page/dspx - volumes/
33PNNL Grid Architecture:  http://gridarchitecture.pnnl.gov/
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Figure 3 PNNL Architectural Structure Recommendation 33
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Thislayered architecture enablebfe convergence of an integrated electric nedvk with
water, wastewate, street lighting,transportation systemsand other essential services to
createamore efficient and resilient infrastructure to enable te® A Qdh@tém economic
and environmental policy objectivess well as the objectives Bawaidd cdommunities
ConvergentO O 1 A gif®oppoEudities to minimize capital investment in infrastructure for
synergistic societal benefitsuch as smart street lightsan befully evaluated irjoint-planning
efforts with citiesandlocal communitiesThe Companiegxpect to continue to pursue these

%A smart city &sommunifybfmry dize arsignificance, geographically separate or part of some larger urban unit, that

leverages the convergence of electricity, water, telecommunications, transportation, social networks and the Internet of Thin gsto

a) improve aspects of its operations that are important to its economic vitality, safety, environmental footprint, quality of life or

other significant factors; b) respond to the communityds changing needs r aj
effectively;andd)co | | aborate with other communiti es. 6 htp:dmeptingsfthenfindscorg/ex@alyt er - Wi | | i ams,

smart - city - 16098
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opportunities to fully utilize this modern grid platform féine benefit ofcustomers and the
state.

The proposedlatform will integratenon-replaceablephysical infrastruturej OBT 1 AO AT A
x E O With ddilanced communications, sensing and measurement, distribution automation,
protection, and controldo create a core platformApplications such as customer advanced
meteringwill leverage this set of core platform technologié-igure4 from the DOE highlights

many of the technologiethe Companiesre considering to transforrthe current grid to the

grid we need. However, these technologies must be considered in the comtiexalue for

customers, and most can be deployed surgicaliiien and where neeat], as identified in the

near term rather than as a systemide deployment.

Figure 4 DOE DSPx Next Generation Distribution System Platform

Customer Choice Decision Support Analytics
Customer Energy Information & Analytics Outage Information Customer DER Programs
Locational Value Dynamic Optimization Market ET G DER Portfolio
Analysis Analysis Analytics Oversight Settliement Optimization
Hosting Capacity | ~ Propaiistic Smart Meters | Advanced Meters Volt-var DER
Planning Management Management

Grid Data
Portal
Market Portals
Applications

Power Quality =
Ana'ySiS i Ana‘YSIS “ peas e
s el SCADA Automated Field Devices |  Advanced Protection
Forecasting Analysis

Operational Data Management

Sensing & Measurement

Operational Communications (WAN/FAN/NAN)

Physical Grid Infrastructure

Core Components

Source: DOE, Modern Distribution Grid, Volume 3

It is esential, however, thathe aging infrastructure much of it over four decades old,
continuesto be appropriately replaced in coordination with modernizing the g@tianges
includereplacingwood poles, wires, cable, transformeend other electrical eqpment.
Otherwise, investingn advanced technologies overlaid on oldiling infrastructure is like
putting a highperformancebatteryzelectric drive systenm a rusty40-year-old carwith flat
tires.
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3.3 PROPORTIONAL EVOLUTON

The many considerations raised@rder 34281highlight the need for a flexible, adaptive

approach togrid modernization Such an approach must focus costeffectivelyachieving
customervaluex EET A 11T O AOI xAET ¢ 1 OO0 Ol Theiownihed O OAAEIT
Companiesare proposing g@roportionabpproach

The grid does not currently have the functionaldythe capacity to meet customer needs and
accommodate additional DER adoptioHowever, the Companies are cognizant of the issue of
customeraffordability. Therefore, investment is neededs described iSectionssand6. To
balance needed grichodernizationwith customer affordability the focusis onthose

investments that yieldhe greatestnear and longterm customer value.

Section8 identifiesa logical progressio@ OA OOET C x Bddevelphed-teranQridC OE A
modernization roadmap4 EE O D Ol b1 -odEd+lappioactior sbiekgrid

functionality and related technologies has beased in Californias New Yorks” and

elsewhere to managgrid modernization

Table2 provides details on the current status and the proposed evolution in functionality for
the Companies leveraging the framework developed by De Martini and Kristblis logical,
stepwise appoach to implementation should create the greatest bendéfit customers.

%More Than Smart, Planning for More Distributed Energy Resour ces on the Grid, 2016.
% The California IDER and DRP Working Groups:  http://drpwg.org/

" New York Department of Public Service Case 14 - M- 0101, Proceeding on Reforming the Energy Vision - October 15, 2015
Distributed System Implementation Plan (DSIP) Guidance:
http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?Doc Refld=%7bF3793BB0 - 0F01 - 4144 - BA94- 01D5CFAC6B63%7d

% De Martini and Kristov, Distribution Systems in a High Distributed Energy Resources Future: Planning, Market Design, Operatio n and
Oversight, LBNL - DOE, 2015: https://emp.Ibl.gov/sites/all/files/lbnl -1003797.pdf
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Table 2 Modern Grid Functional Evolution

Distribution Current
Functions Status
1. Planning
A. Load and DER | Develop multiple Normalize bottomup Move from deterninistic | Walk
Forecasting 6hort- | scenarios for load and | and top-down forecasts. | to probabilistic
term and long- DER growth. Align Bottom-up forecasts forecasting. Account for
term) bottom-up distribution | include market insights | interaction of DERs.

growth with top-down | and are used in planning
load forecasts.

B. DER Streamline the Process automation and Full automation. Fast Jog
Interconnection interconnection development of Fast Track process based on
Studies and process, refine initial Track processBeginto | hosting capacity
Procedures screening methods, anc apply hosting capacity = analysis. Increased

improve process results system data sharing

transparency. needed.
C. DER Hosting Hosting capacity used | Hosting capacity Hosting capacity analysis Run
Capacity Analysis | for indicative analysis is used in the | is used within the

information for DER planning process to interconnection process.

developers. DERs are | assess potential Simultaneous

evaluated individually | upgrades to enable assessment of DER

and collectively through forecastof DER growh. | portfolios to further

iteration. DERs are considered as optimize hosting

portfolio but not capacity.
optimized.

D. DER Locational = Identify systemaverage Identify incremental Define methods for Walk
Value Analysis distribution marginal distribution upgrades, | valuing societal benefits

costs along with specific estimated avoided costs that may accrue at

bulk power system and nonwires system level and

needs alternative suitability as = locationally.

well as any locational
bulk power system

benefits.
E. Integrated Align planning input Align resource, Optimize across Run
Resource, assumptions transmissionand resource, transmissign
Transmission, and distribution plannirg and distribution systems.
Distribution analyses and improve | This is atansparent and
Planning transparency, collaborative process

particularly at the
distribution level.
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Distribution Current

Functions Status

2. Operations

A. Physical Situational Optimization of DER Co-optimization of Not yet
Coordination of | awareness of DER | aggregations for bulk power | resources between bulk Walk
DEROperation integrated with services. Coordination of use | power & distribution

power system of DER with distribution systems. Coordination

starting with DER operations. Access to between DER providers

asset information, participating DER availability | transmissionand

including capabilities. and performance in real time. | distribution operations
Implementadvancednverter
autonomous functionality.

3. Market
A. Sourcing Use of DER/DR Use of DER/DR programs anc Use of DER/DR Walk
Energy, programs to provide | aggregation for bulk power programs and
Ancillary, and peak load system services. aggregated DER/DR for
Grid Services management. bulk power system &
DER/DR pilots for distribution grid
more advanced grid services
services.
B. Operational Initial DER program | Set up program rules for use ¢ Define distribution grid | Walk
Bulk Power & design and aggregated DERs including | service rules &
Distribution Grid = participation rules protocols for curtailments due protocols for dispatch
Services without aggregation. = to bulk power system priorities for potential
Animation constraints. Sourcing through | DER participation to
tariffs, programs and address both bulk
competitive procurements power system and
distribution constraints.
C. Operation Applyprogram Define control, measurement | Reconcile scheduled vs| Not yet
and Settlement | pricing and M&V and telemetry requirements | reaktime dispatch, any | Walk
for DERServices | requirements and locations for aggregated | curtailments and DER
DER aggregated
performance for bulk
powersystem and
distribution services
settlement.
D. Program Customer data Bulk power & distribution Bulk power and Not yet
Facilitation available system data information and | distribution operational = Walk
Services DER provider data exchange = information and
sourcing platforms
— W _ W Hawaiian Electric
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This walk, jogand run approach is illustrated IBygure5, Figure6, andFigure?, whichdepict
the evolution of technology deployment to support grid modernizatidine technologies
illustrated are described further in Secti®nSection 6, and Sectiory.

Figure 5 0 Wa |dIDépicting Current Technology Deployment onthe Grid

GIS Geographiz Information System
EMS Enery Management System
OMS Cutage Management System
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Figure 6 0 J odD&picting a Near- Term Future State of Technology Deployment onthe Grid

DMS Distribution Management System
DRMS Demand Response Management System
GIS Geographic Information System

EMS Energy Management System

MDMS Meter Data Management System

OMS Outage Management System
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Figure 7 0 Ru @ lfustrating an Envisioned F uture State for Technology Supporting the Grid

DMS Distribution Management System
DRMS Demand Response Management System
GI5 Geographic Information System

EMS Enemy Management System

MDMS Meter Data Management System

OMS Outage Management System
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Leveraging investments in a common core platform (even incrementally) will enable the ability
to deploy tailored bundles of technologies in the field to address specific needs proportionally.
However foundational investmens, in particular software systemge.g.,aDMS,demand
responsemanagementsystem[DRMY, andDERMS, are necessary to initiate related services
or programsin some instances

Systemwide deployment for advanced meters has economies of scale for both the installation
and operational savings associated wittanualmeter reading. Howevetthese economies of
scale are not always sufficient to yield benefits that exceed the cost of thersy®ased on

the Smart Grid Foundatioprojectapplicationandthe related Commissiordecision and

order,% those benefits do not outweigh the systemide deployment costs foHawai.
Alternatively, the proposed proportional approach to gimdodernizationdeployment has

benefits aligned with customer and stakeholder needs as well as grid needs identified in this
Strategy. The benefits of he proportional approacimclude

E Avoiding a large initial investment for a systemide deployment and instead incting
beneficial costs over time as solutions are deployed to address specific issues on the
grid or to enable customer choices and participation in programs such as time of use
pricing and demand response
E Ensuing that the solutions that are deployedtosBpl OO0 A AOOOT I AO8 O AEI
purchasing an electric vehicle) rather than deploying the same solutiat tmstomers
(whomay not be purchasng an electric vehicle)
E Recogniing that there are differences between islands, including differences in
generation resources, topographic and grid infrastructure, and customer electricity
usage and preferences, requiring tailored solutions to meah grid and customer
needs on each island
E Enablingfuture flexibility, informed bythe integratedgrid planninginput from
customers and stakeholdeyso accommodate new technologies and adjust for
AEAT CET C AEOADI OOAT Adnéartdirh systein@ideépioyirdrds 1 A A A
xT O A AOT x A Tbréakthrddghs. T OOT x 6 O
The Companies believe that this strategic amach enableshe implementation ofupgrades
consistent withthe pace of customer needs and the effects of poicks described ithis
3 0 0 A Gdadmadti deployment involves multiyear (perhaps a decade or more) efforts for
solutions andechnologiesto be deployed. Thigpproach, while inherently flexibleannot
completely eliminate everyisk related to technology obsolesce due to rapid innovation

3 The Companies recognize that there will be a likely convergence in the DRMS and DERMS system functionalities, see, Commission
Docket No. 2015 -0411.

40 Commission Order No. 34281 Dismissing Application Without Prejudice and Providing Guidance for Developing a Grid
Modernization Strategy, January 4, 2017 (Order 34281):
https://[dms.puc.hawaii.gov/dms/OpenDocServiet?RT=&document_id=91+3+ICM4+LSDB15+PC_DocketReport59+26+A1001001
A17A05B01613H2647618+A17A05B31600C464561+14+1960
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However, given the current demand for DER amsufficientgrid capacity, grid modernization
cannot wait.

The Companies concur with the Commission thateffective architecture along with
standardsbased interoperability aressential strategic elementhe Companies also believe
this Strategyand any implementation plans shoule linked to acomprehensivegrid-planning
process and methods that are based on clearly understood and transparent assumptions of
customer needs, policy objectiveforecasts ofrenewableanddistributed energy resources

and load.
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4 Integrated Grid Planning & Framework
for Cost- Effectiveness

The Companies recognize thmeed for contimiing grid evolutionto affordably meet
AOOOT | A OO Bawaind Bdhé@vableiPértiolio StandardRPS goals. Charting thepath
from the present toward théuture electric infrastructuren Hawai mustincludea flexible
course of action t@dapt tocustomer needs, changing circumstances, and rapidly evolving
technologies that have been so evidemter the past several years.

Creating a modern grid will require an ongoing integrated gpldnning process that
integratesbulk systenmresource planning with transmission and distribution planning to assess
total resource net benefits.

4.1 INTEGRATEDGRID PLANNING WITH STAKEHOLDER EN@GGEMENT

TheCompanies ar@roposing that hisintegratedgrid-planning processhouldbe conducted
everyywvoUAAOO OOET ¢ OEA AT Al UOEO AZEOAI AxT OE AT A 1A
recent PSIPcombined with additional information regarding incremental grid infrastructure

costs that would enable new types and quiiets of DERThe PSIP filing has been recognized

as one of the most transparent descriptioathe various planning analyseand methods filed

by a utility todate #* However,continuing emphasis ostakeholder engagement antthe

determination of thenecessary grid investmentwill best drive this process asioves

forward.

This framework has number of benefit$or customers and stakeholders alikerimarily,
stakeholders will have the opportunity to provide input in the planning assumptions and
feedback on the results=or the Companieghe frameworkfacilitates the incorporation of
outside perspectiveghroughout the planning cycleespecially in the development of future
scenarios and their implicationsurthemore, it hasthe potential to streamine the planning
process, as important stakeholder inputs can be discussed and considetteelagipropriate
juncture, rather than being deferred to a formal Commission proceedimggrated grid

41 Feedback received from participants at ~ the May 10, 2017, Grid Modernization Workshop .
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planning is being discussed in several statesvever, this is the first proposed
implementation of the concept.

4.1.1 Integrated Grid Planning

A possiblédrameworkthat encapsulates thentegratedgrid ganning needs and enhanced
stakeholder engagement is illustrated kigure8. The procesghat the Companies are

proposingis callec@:sGP,éfor comprehensive customer-focused andcooperativegrid
planning.In concept, he process would evaluatesato 10-yearplanning horizonA planning
cycle would be completed every two years atobuld,in an integrated fashionconsiderthe
needs at all levels of the systegustomer,bulk powerresources, transmissiomand
distribution. The process would engagristomersand stakeholderst key juncturesn the
integrated resource, transmissigand distribution planningeffort.

Figure 8 Proposed C3GP Integrated Grid- Planning Process

Net Benefits of DER
(net of enabling T&D costs)

N\ 4 N\ e N\
Resource
Planning
’ ©,
Total Sourcing
Resource DER Provided
tiol ™\ Cost Analysis Services
Multiple Transmission (Pricing,
Scenario Pl z Programs &
Forecasts SRS Procurements)
J
, GO N
-~
Long-Term
D'St”b‘ftm" Resource, Transmission &
Planning ) Distribution Investment
Integrated Grid Planning Roadmap

(Note: Numbers irFigure8relate to the points of stakeholder engagement described in the next section.)
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The output of the @GP process is expected to infottire use of distributed andrid-scale
renewalde resources andhe related need for distribution modernization, transmission
projects AT A AT AOCU OO1T OACA8 4 EEO géneralr@téoasks (BREE) |
and any related regulatory proceedings (i.BER DR,andEoT). While effortsare underway
nationally to assess distribution resource platiss proposed integrated resource,
transmissionand distribution planning is the first of its kin@heinterrelated planning and
regulatory activities and related processeseded to successfully modernize the grid adds to
the complexity of this effortIn accordance with the PStfecision and ordef2 the Companies
will file a report that details this proposedfGPprocess and schedule for the next round of
resource plannindgpy March 1, 2018.

In an ongoing integratedrid-planning process, enhancements to distribution plannmij be
needed not unlikethosealready done by the Companies for resource and transmission
planning in the recent PSIP. This is described generigathe$ / %6 O ) 1 OACOAOAA
Planning papers In such a planning process, grid modernization investments are identified to
address one or more dbur categories as detailed in Appendix &nhd Section 4.2

1. Improved reliability, safety and/or opettgonal efficiency(Standards and Compliange

2. Integration of DER adopted by customem RPS goal@Policy Compliance

3. Utilization of customer DER or merchant DER to provide services to the sy@tiem
Benefits).

4. SupportforaA O

O1 dradgddp®@fA O O O unifud Bedd$SeltSupporting.

4.1.2 Stakeholder Engagement

As identified inFigure8, there are three key points of stakeholder engagement. First,
stakeholder emgagement in the development of forecast assumptions and scenarios developed
for use in the planning process is essenfidle Companiesinderstand that without the buyn

of stakeholdersthe planning results may not be accepted.

42 Commission Docket No. 2014 - 0183, Decision a nd Order No. 34696 , July 14, 2017:
http://dms.puc.hawaii.gov/dms/OpenDocServlet?RT=& document_id=91+3+ICM4+LSDB15+PC_DocketReport59+26+A1001001A
17G17A92524E0040418+A17G17B41645B700751+14+1960

43|CF, Integrated Distribution Planning, DOE, 2016:
https://energy.govi/sites/prod/files/2016/09/f33/DOE%20MPUC%20Integrated%20Distribution%20Planning%208312016.pdf
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Second, the engineermresults that identify incremental grid needs should be reviewed with
OOAEAET T AAOO8 4EEO OCOEA TbjdakcOddersnbtOehA@OET T EA
as a key decision pointhesediscussionsvould considerwhether the diversity of custome

adoption of DER may offset the need to incrementally expend costs to invest in the grid or

source DER services. This nagoinform rate design and other related policy decisions that

influence customer decisiorend the affordability of proposed solaths. The opportunity to

understand the impact of policy decisions and adjust as needed is seen as a critical application

of this type of integratedyrid planning process to address affordability. This approach has

been advocated by consumer advocates, thatural Resource Defense Counttile

Environmental Defense Fundnd other stakeholders inlawaib and other states#

The Companiebelieve that using a smaller working group of stakeholders to provide
preliminary reviewandfeedback before undertaking a broader review is an effective approach.
This approach has been used successfully in system plaonitige mainland+ as well as
increasingly for integrated distribution planning. For examm@&aliforniaworking group

focuses on the forecast assumptions and scenarios that are subsequently reviewed by a wider
set of stakeholdersinderthe direction of the CPU@

Third, whengrid needsareidentified there needs to basimple, transparenprocess to

conduct a comparative evahtion of wires and notnvires alternativesr traditional versus
technology-driven alternativesGrid needsare defined as thoseapacity increaseseeded to
address increased customer loadcreased distributed resourcaipply flows across the
distribution system, and/or incrementéchnology to address service quality such as resiliency
and voltage managementAs these grid needs arigbey can be addressed by traditional grid
infrastructure investments osuitable nonwires alternatives? However, it § important to

note that the fundamental reduction in net load on the systeand diversity oDERand

advanced inverteadoption by customers may not result in incremental grid ne&ds.

Theevaluation of alternatives will involve proprietary and confidential informatiorensure
commercially competitive solutions are proposed. Therefaeelect group ohion-market
participantsshould beconvened For example,n Galifornia, agroup canprised of regulatory
staff, consumer dvocates, and afew independent advocates that have signed ndrsclosure
agreementsreview the results of RPS procurements.

44 California PUC Rulemaking 14 -08-013 - Response of Environmental Defense Fumodal bfo Utilitiesd Aj
Distribution Resources Plans:  http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M154/K305/154305338.PDF

5 Midcontinent Independent System Operator (MISO) - Transmission Expansion Planning (MTEP):
https://lwww.misoenergy.org/Planning/TransmissionExpansionPlanning/Pages/TransmissionExpansionP lanning.aspx

4 The California CPUC established IDER(R.14-10-003) and DRP (R.14-08- 013 ) Working Groups: http://drpwg.org/

47 Joint Utilities of New York Stakeholder Engagement on NWA Suitability http://jointutilitiesofny.or glwp -
content/uploads/2016/06/Distribution - System- Planning - EG- on- NWA- Suitability - Final.pptx

s, Tierney, The Value of ODER6 to 0D6, Analysis Group, 2016:
http://www.analysisgroup.com/uploadedfiles/content/news_and_events/news/value_of_der_t0%20_d.pdf
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Stakeholder participation in théntegrated grid plannind C3GP)processshouldbe formalized

with qualifiedrepresentatives of stakeholder grougwith subject matterknowledge)engaged

at a working levebn specific topicend thebroaderstakeholdergroupsengaged to review the
working group outcomesThis approach tantegrated gridplanning and sakeholder

engagement is consistent with best practices in transmission and emerging for distribution as
part of a holistic system analysis. For exampie, Federal Energy Regulatory Commission
(FERGdirected thatsimilarprocessede implemented by themainlandtransmission

operatorsto facilitate the timely and meaningful input and participation of customers in the

AAGAT T PI AT O 1T &£ OOAT O EOQOEIT PI AT O AT A OEAO OA
the development of the transmission plan andtrmerely given an opportunity to comment on
OOAT OI EOOET T bPI AT O OEAO xAOA AAOGA+T PAA ET OEA

Additionally, topical and ad hoc stakeholder engagements would be conducted to provide
further information and insight.

4.1.3 System & DER Data Sharing

The integratedgrid-planning process described this sections dependent on data from
generatingresources and grid operations. The process itself produces information that is

useful to a number of stakeholders in addition to the C&ipEA 08 AOOET AOO HOT AA
#Al ELAI Ol EA6O $EOOOEAOOAA 2A01 OOAA mwotAT AT A . A
identified system and DERelated dataas essential to both grid operators and DER providers.

As noted by More Than Smart

0 Robust o andadvaacedinfoynstional capabilities present an opportunity to

optimize grid operations and investments as well as where distributed resources

provide the most value. However, system and DER data exchange will also require

navigating challengingqueésons about privacy,ssecurity, an

In developing this strategy, the Companies adapted the More Than Smart data nratrix
Appendix Bo highlight the current and proposed planning and system data availability and
the data needed from distributed resources to plan and operate the system. The DER data
noted should be made available under interconnection and/or market participation rules. This
is no different than the information that independent power producers are nexglito provide

for bulk power system planning and operationdHawaid andon the mainland.

To address this issuehé Companiesire preparedo conduct facilitated stakeholder
discussios on data sharing for planning and operatiods AAO OEA #ifedtionE OOET 1 6 O
Thesediscussionsbased on relevant experience in California and New York, are expected to

4 From http://www.transmissionhub.com/articles/2016/09/ferc - establishes - proceeding - to- determine - whether - pjm - transmission -
owners - are- complying - with - order - 890 - obligations.html

5 A. Shumavon , P. De Martini and L. Wang, Data and the Electricity Grid, More Than Smart, 2016: http://morethansmart.org/wp
content/uploads/2016/  10/Data - and- the - Electricity - Grid - MTS- System- Data- Paper.pdf
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resultin achieving common understanding on many key issaedidentification ofany

residual issueto support related activityn multipleregulatoryproceedingsFurther, the

California and New York experience demonstrated that these types of working groups perform

best withskilled and knowledgeable facilitators contracted by the utili@iven their relevant

experience, he Canpanieswould engageNewport Consulting and EnerNex to facilitate thee

stakeholder discussionsn data Thesetwo firms have collective experience leading

#Al EEI OTEA6O $20 xI OEET ¢ CcOi ObpOhand)AX EJATT EEHO $
Smart Grid Casumer Collaborative. Also, Newpd@ionsultingco-authored theabove

referencedMore Than Smart data paper. The Comparsesildinitiate data-sharing working

group discussions in T2018.

4.1.4 Grid Services

Theoutput from the planning processs anidentification of resource and grid needs that may
be metbyamoreOOAAEOET 1T Al b0 EG-KEETA Ghdx EGH Al OhO Bséftice. ODAE
Currently the Companies are proposidgmandresponseprograms for DER services for bulk

power systens andanticipate there may be opportunities for distribution services in the

future.s: However, as noted in Californfafor DERs to successfully provided services, they

must meet the same technical and operating standards as the rest of the system such that
DERs do not impact the safety and reliability of the guiden they are interconnectedn

addition, DERs providing services must also operate in a manner that aligns with the local

transmissionandd EOOOEAOOET 1T AOAABO Al ReAsfdenididlidble]l T AA
distribution service.

(e

The California utiliesand stakeholder groupleveloped and agreed upancommon set of
four principles for articulation of grid services that the Company proposes to usefoline
principlesare:ss

Location of wiere distribution service is provided
Timing of when distribution service is provided
Level of DER service provided
DERavailabilityandassurancef ability to provide.

M- T m- [mr

51 See Commission Docket No. 2015 - 0412, Application of Hawaiian Electric Companies for Approval of Demand Response Program
Portfolio Tariff Structure.

52 California Competitive Solicitation Working Group, Distribution Services, Attributes and Performance Requirements, Draft July 11,
2016: http://drpwg.org/wp - content/uploads/201  6/07/CSFWG - Sub- Team- 2a.- Summary - Conclusions - and-
Recommendations.docx

53 The California IDER and DRP Working Groups - Distribution Services, Attributes and Performance Requirements Draft July 11, 2016:
https://view.officeapps.live.com/op/view.aspx?src=http://drpwg.org/wp - content/uploads/2016/07/CSFWG - Sub- Team- 1.-
Summary - Conclusions - and - Recommendations.docx
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Additionally, stakeholder discussions in California and New ¥ak the use of DER as non
wires alternatives have recognized that bulk power system services may offer the greatest
opportunities, while distribution opportunities may be more limited:s¢ This is likely the case

ET OEA #1 1 b Asitherd © itldcad)gto@th ¢reating a need for incremental
substation or distributiorcapacity and in many cases, DER levels are such that reverse power
flows are driving the need for distribution upgradé®r examplethe ability for DER to defer
capital investment isimited on feederswheredistributed photovoltaic generation@iG-PV)

hosting capacityis alreadyexceeded.

4.2 COST- EFFECTIVENESS FRAMEDRK

As described aboveptdevelop a modern

gridthat is affordablefor customersthe

Companiesneed to make investmentthat

are costeffective, targeted, and time

phasedd EEO EO OEA -1 DI GEGAs ahdEmo@@lint &

b1 A Qdcrhagimize investmentsAs such

the challengeis tobuild a delivery system

that can operate reliably with 1Q@ercentrenewable energy by 204&nd at areasonablecost,
with acceptable adjustments to electricity rate€learly this goal cannot be acavedwith
traditional planning methods alone. Because ngnd technologieswill be deployedhat
enable a mix of larggrid-scale and distributed renewable resourc@snew frameworknust
be developedor evaluating benefits and costd resources and thee incrementalenabling
grid investments Additionally, several grid modernization technologies enable multiple
benefits and future flexibility. This marticularly true for core platform technologieghich are
discussedn Section7. The need for a new holistic evaluation framework has been recognized
in other jurisdictionghat are addressing grid modernization.The framework ts
methodology, and several examples are described in more detail in Appeddixhis filing.

As summarized ifable3, the frameworkthe Companiesredeveloping incorporates awnany
as four distinct benefit/costnethodologies, depending on the type of investment being
evaluated.

54 Joint Utilities of New York Stakeholder Engagement, Summary Presentation Deck on NWA Suitability Meetings, July 2016:
http://jointutilitiesofny.org/wp - content/uploads/2016/06/Distribution - System- Planning - EG- on- NWA- Suitability - Final.pptx

%Tierney, S., The Value of O0ODERO6 to o0Dé, The Analysis Group, March 2016:
http://www.analysisgroup.com/uploadedfiles/content/news_and_events/news/value_of_der_t0%20_d.pdf

% De Martini, P., et al., Evolving Distribution Operational Markets, Caltech - ICF, 2016 http://resnick.caltech.edu/docs/EDOM.pdf

57 See for example, CA PUC, Rulemaking14 -08-013, Assigned Commi ssionerds Ruling on Guidance for
769 0 Distribution Resource Plan ning, Feb. 2, 2015:  http://www.cpuc.ca.gov/General.aspx?id=5071 ; NY PSC, Case 14- M- 0101,
Order Adopting Distributed System Implementation Plan Guidance, April 20, 2016:
http://documents.dps.ny.gov/public/MatterManagement/CaseMaster.aspx?MatterCaseNo=14 - M- 0101&submit=Search
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Table 3 Expenditure Categories and Evaluation Methodologies

Expenditure Purpose Category Methodology

A. Standards and SafetyCompliance Lowest reasonable cost

) ) ) ) ) (similar to leastcost, bestfit used in
Grid expenditures required to ensure reliable operations or comply other jurisdictions)

with service quality and safety standardscluding bothongoingasset
management(replacement of aging and failing infrastructurafd
relevant grid modernization technologies

B. Policy Compliance Lowest reasonable cost

Expenditures that are needed tmmply withstate policy goaldike the
renewable portfolio standard, or direction to interconnect and enabli
customeradoption of DER

C. Net Benéefits Totalresourcecosttest

Expenditures that are not required fetandards andsafety
complianceor policy @mpliance but wouldgrovide positive net
benefitsfor customers

D. Self-Supporting Onlyfor projects that do not shift a cos

. . ” . | burden to nonparticipants this
Expenditures incurred for a specific customer (e.g., interconnegtion category does not require benefitost

with costs directly assigned to those specific customers. justification.

Grid investments in category A include those advanced technologies that overlay the physical
poles and wires infrastructure to transform a largely analog grid into a modern digital grid.
These investments, when combined with the physical gnidastructure,form the core

platform described in SectioB.2and include, among others, grid sensing and measurement,
telecommunications, and automation/controls technologies. Additional investments in this
category are required to meet reliability ars@rvice quality standards. These investments are
identified in the annual distribution planning process and are necessary prerequisites for
additional technology applications identified for categories B and C (discussed below).

Modern grid investments inustomer and/or merchartadopted DER (category B) are driven
by customer choices anare often shaped by policies such as rate design, mandates, and
incentives. These potential investments should be identified prospectively in the integrated
grid-planning process.

A richer understanding of what investments are necessary makes forecast assumptions and
scenarios vital to the ongoing planning discussion with the Commission and stakeholders.
However, for legacy DER, it is important to recognize the capgliiips that exist and to
address the service quality and reliability issues that the Companies currentlyHace.
example, nvestments needed to address the service quality issues are related to voltage
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violations that arose from the dramatic growth ingtomer DER adoption over the past five
years.

The modern grid investments in category C are necessary to enable DER aggregators to
provide services to the grid in a way trast-effectively manages the power system. Today,
supplied services are focused the bulk power system. However, assuming that the current

DER programs prove effective, the Companies anticipate sourcing DER services for distribution
needs as well. The Companiae also closely following the pilots in California, New York, and
elsewheae to gain insights on emerging leading practice$lawab, along with these other

states, is at the leading edge of utilizibghind-the-meter DER as system and grid resources.

The Companiegxpect to learn much over the nesik years that will shape # ongoing

Strategy.

Investments in category D are driven by the unique needs and requests of a custoaner or
OPAAELZEA CcOiI OP T &£ AOOOI i1 AOO OEAO AOA AO OEA
customer alone.

4.2.1 Lowest Reasonable Cost Method

TheLowed Reasonable Coshethod isthe most practical approach to evaluating investments
to build the coremodern distributionplatform. The Companiegxpect to usegeasonableness

j | Hestido &sessments to narrow the range of options for certain core platfor
technologies (e.g sensing and measurement, communicatioasd controls/automatiof

AT T OEOCOAT O xEOE $/.90hi® méhodNi<a/Ed uddd foredér expendit@ds
in the Standards and Safety Compliance category and the Policy Compliance catagtrg.
Lowest Reasonable Cost methpithe Companies woulfirst evaluate an asset in terms of how
well it supports thestandards, safety, opolicyneed(s) To the extent an asset supports the
engineering neeti E OTh&®s&toMIB8mis to evaluate the cofthe assetln most cases,
this will occurthrough a competitive procurement procesgVhile cost is a primary evaluation
metric for this review, other attributes of the assetse consideredsuch as the ability to

enable future functionalityTherefore, the selected projects may not be strictly the lowesst
options. Investments that are primarily related to providing safe and reliable service, such as
aging infrastructure replacementill continue to be considered as part of ongoing capital
investment planning and program evaluation.

%8 California Independent System Operator - Opportunities for distributed energy resources:
http://www.caiso.com/informed/Pages/CleanGrid/default.aspx ; New York Independent System Oper ator - Distributed Energy
Resources Roadmap for New Yorkds Wholesale Electricity Markets:
http://www.nyiso.com/public/webdocs/markets_operations/market_data/demand_response/Distributed_Energy Resources/Distri
buted_Energy_Resources_Roadmap.pdf
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Examples of sucmvestments might be:

E Replacement of ging equipment to maintain reliable and safe operations of the
system

E Circuits needing upgrades, such as intelligent switfeemaintain reliable service, as
defined by he SAIDI and SAKIstandards defined in Deket No. 2013141, dated May
31, 2013

E The addition ofgrid sensing andmeasurement and communications to parts of the
system to maintain safe operations

E The installation osecondary var controller® manage voltages within safety
standards.

The specific grid modernizatioimvestmentcategoriesandrespectivecost effectiveness
method isprovided inTable8in Section8.1.8

4.2.2 Net Benefits Analysis

For investments that are natquired for compliance purposes and are not-selpporting
projects the Total Resource Cost (TRC) framewsrkpplied This is done as padf the
ongoingintegrated gridplanning process that evaluates the net benefits of resources and
investments that are necessary to integrate these resour¢eshis case, the benefits
associated with the resources and the grid investments are offsettogys to yield net benefit
for customers

As part of the ongoingntegrated gridplanning processhe Companies will identify grid
investments that enable renewable resource integration and utilization that may lower net
costs for customers. Those resource benefits and related enabling grid investments would be
evaluated using this Net Benefits framewk. This framework creates a consistent integrated
approach to assess the benefits of a combination of lasgale and distributed resources and
the related transmission and distributielevel costsin this way, thepotential synergies and
economies between grid investments and various distributed energy resousrescaptured

Table4dOET xO OEA AATAEZEO AT A AT OO AiipilT AT OO ETAI
(indEAAOGAA AWEAATH T O DAJ Edht@rialyshs Avialdareg the benefits of large

scale and distributed resourcegth the costs of incremental enabling grid modernization

investments or operational services sourced framrd-party DERhat are requred to

integrate these resource§ hese costs offset the benefits of the proposed DER to yield net

AAT AEEOO O All AOOGOIT i A0OOG8 4EA #1 1 PATEAOGS 42#
Benefit Costframework, with the exception that the EPRI framewk includes societal impacts

59 SAIDI (System Average Interruption Duration Index) and SAIFI (System Average Interruption Frequen cy Index)
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like the health or environmentadffectsof greenhouse gas (GHG) emissiongVhile such non
energy benefits are often mentioned, especially with respect to DER that could be further
enabled by grid modernization projects, thesalues ardifficult to estimateand are not
includedat this time.

Table 4 Benefits and Costs in TRC Framework

Costs and Benefits Total Resource Cost
(TRC)

Bulk System Impacts from RESOLVE Model
Generation Capacity
Energy
Transmission Capacity
Reduced Transmission Losses
Avoided Ancillary Services
Transmission& Distribution (T&D) System Benefits
Avoided Subtransmission Capacity
Avoided Distribution Capacity
Reduced O&M
Avoided Distribution Losses
Avoided Restoration Costs
Other Operational Benefits
ReducedRevenue Cycle Service Costs
ReducedRestoration and Staging Costs
Customer Benefits
Reduced Customer Outage Costs X
IncreasedCustomer Choice
External Benefits
Avoided Emissions X
Avoided Water Impacts
Avoided Land Impacts
Non-Energy Benefits

XX XXX

X XX X X

XX

Incremental T&D Costs and/or DERRrovided X
Distribution Grid Services

Incremental Program and Admin Costs X
Increased Ancillary Service Costs X

Participant Costs
Lost Utility Revenue
Non-Energy Costs

6 EPRI Integrated Grid Online Community, Phase Il: The Benefit - Cost Framework: http://integratedgrid.com/phase - ii- the - benefit -
cost - framework/
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In the near term, the Companies are focusing gre modernizationwork on foundational

core investments and those investments necessaryetsolvethe service quality issues
associate with the unprecedented DER growth over the past five years. These investments
are required to provide safe and reliable service, support continued customer choices and
growth of DER, and accommodagtate and Commission policies.

Going forward, the Compaas will look to identify and assess anticipated and large grid
modernization investments in relation to the benefitstbie distributed resource$orecastas

part of the overall resource mix of renewables towatawaind IMOpercentgoal. This will

integrate both DER and incremental grid modernization costs into the overall prospective
integrated grid planningorocessFor exampleif customerDERadoptionforecasts do not align
with integrated planning procesassumptionsresource plan adjustments mayelrequired

These costs, in some cases, will not only support the stesrh need but also future customer
COl xOE8 "AOAA 11 EOOO OEA AATAEEOO 1T £ OEA EII
of the grid investment may not appear to yield net béditefor all customersHowever, the
additional enabled benefits from future distributed resource growth will justify the investment.
Such grid investment or sourcing of DER services would be identified and a discussion of non
guantified benefits providegbublidy to promote transparency.

4.2.3 Self- Supporting Projects

Selfsupporting investmentsvould primarily be paid for by participating customefsy utility
contribution or incentive would be limited to the net benefits that would be expected to accrue
to utility non-participants.In this way, any selfupporting program would be designed to
prevent costshifting from participans to nonparticipants.These programs would also be

based orthe customed éoiceto participate, so the participargwould maketheir own
decisiorsregardingparticipation.

The joint conditions of 1) no caeshift to nonparticipants and 2) participantshoosing to
participateobviate the need for a TRC cestfectiveness testDepending on the utility
contribution or incentive, at benefitswould be calculatedor program design purposes.
However, a selsupporting projectwould not be requiredo pass a TRC test.

An example of a seupporting project would beustomer adoption of electric vehicles and

installation of related pemises EV charging system and any electrical wiring would be borne

by the customerEV rates and incentives may be available toward the purchase, but the

DOEI AOU AT 000 T &£ 1T x1 AOOEED x1 O1 A AA OEA AOOOI
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4.2.4 Margin - Neutral Rates

This costeffectivenesdframeworkassumeghat proposed expenditures that have estimated
positivenet benefitsalso reduce costs for all customemissituationis only true ithe bill
reduction fora DER participant is not greater than the costs the utdwypids via the grid
services providedf DER patrticipants are paid for their servicesavgrocuremenprocess that
is capped at the utilitythese customershouldA A O A O O A A-ndutraloréésAtiac E 1
clearlyseparate fixed from variable costs ineir rate components.

The Companies are natsking to modify rates as part of thi&trategy, norseeking to include
rate design issues mgrid modernizationproceeding The Companiesin thisStrategy, are
only highlighting the fact thatcost recovery bgrid modernization investments is closely
intertwined with both the DER and DR proceedings via retail rate degijhe Companies
believethis issueshould be addressed by the Commission in an appropriate vehue
introductory discussiomf marginneutral rateswasprovided in Appendix C of the June 30,
2017 Strategy.

4.2.5 Cost- Effective Framework Summary

In summary, he analytic frameworkhe Companies ardeveloping as part ahe
modernization strategy applie®ur discrete methods, each calibrated to a particular type of
asset/costas identified in the integrated grid planning describedsaection4.1.1

1. TheLowest Reasorable Costis beingused to evaluate components of the core
platform that are necessary to comply with either a standard or to maintain saféety
takes account of new functional requirements of the grid and the risk associated with
new grid technologies. fle LowestReasonablé€Costmethodisalsobeing used to
evaluate expenditures that are necessary to comply withte or Commission policies,
such as achieving 1@&rcentrenewable energy and accommodate increaslagelsof
DER

2. ATRC Frameworks appliedto modular additions that will improve operational
efficiencyand/or otherwise lower net costs for customemhe TRC framework will also
continue to be applied in the PSIP to promagnergies and economies between grid
investments and various distributed energy resources

3. DER participantsire assumed to b AOOAA T-T AQDOARAICET OAOAO Al O (
to lower costs for ratepayers.

4. A cost test is not required f@elf-supporting projects, although net benefits would
need to be estimated as part of designing any utility incentives or contributions.

60 Margin-neutral rates |l eave the utility with the same rnmargyiadefinedpathedl ess of t he
revenue above the variable costs that contributes to the utilit y Orscovery of its fixed costs.

62 See Commission Docket No. 2014 - 0192, Distributed Energy Resources Policies and Docket No. 2015 - 0412, Demand Response
Portfolio Structure.
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Taken together, these methods comprise an analytic framewtbik places the project review
methodology in the context of the puigse of the projectThis promotes transparency arwill
guidethe Companiego investmentsthat meet the current and future needs of the grid and
their customers
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5 Starting Point: Current Status of the
Electric Grids

ThisStrategystarts by building uponhe grid modernization investments that have already
been made and leveraging threxperiencegainedby integrating DER.

This section provides a brief overview of the current status of the modernization of the grid
andthe technical challenges that impacustomer service quality and overall system
reliability. These challenges underscore the urgency of a comprehensive, coherent, and
actionable grid modernizatiostrategy. Appendix Dcontainsfurther details onthe current
statusl £ OEA #1 1 PAT EAOS8 COEAO

5.1 CURRENT STATUS OF GO MODERNIZATION

The Companies have been investingirstomerfacing and advana grid technologies
throughoutthe system over the past decade. This is represented conceptuaHigimre9
utilizing the platform framework adapted from
the DOEs3° The technologies identified antthe

degree of shading represettte relative Grid modernization is an evolution that is
progress toward modernization envisioned in  Underway. There is more to be done, _
this Strategy. Brief overvievs of these however, and technological innovations wil
technologies arerovided in the following help to address these needs.

subsections.
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Figure 9 Current Status of the Co mp a n Custerer - Facing and Advanced Grid Technologies
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5.1.1 Customer - Facing Technologies

The Companies are currently providing customer endrggrmation and analytics as well as
customer choice decision support tools to help customers stay informed during power outages
and make informed decisions regarding their electricity usage and major purchsses as?V
systems and EVs. Additional infoation on these programs is included in Sect@a.

Also, customer information and analytics were implemented as part of the Initial PRaset
Griddemonstration project onO@hu, which included 5,00st generation smarineter
installations in various geographic and demographic terrasiSuring this initial phase, the
Companies evaluatetheir internal processes to gain valuable insight as to where andtoow
improve the overall customer experience by extending customer outreach and refining
educational materials. Lessons learned from thisviousgeneration smart meter
demonstration are discussed in Sectiéri.1

Customer DER programs include support for customer®Ginterconnectiost and the
pending DR program applicatiorss Although the Companiesffer a CSS notexport DGPV
program, many customers would like to install DBV systemsvithout energy storageut are
unfortunately connected todistribution circuits that have alreadyachedtheir hosting
capacity limit. In some instancethe Companies have upgraded the grid infrastructure to

63 Hawaiian Electric completes first phase of smart grid installation, 9/24/2014: https://lwww.hawaiianelectric.com/hawaiian
electric - completes - first - phase - of - smart - grid - installation

64 Hawaiian Electric Companies - Integration Tools and Resources:  https://www.hawaiianelectric.com/clean - energy -
hawaiifintegration - tools - and - resources/integrated - interconnection - queue

65 See Commission Docket No. 2015 - 0411 and Docket No. 2015 - 0412
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increase hosting capacity enableadditional customer D&V interconnectiorss However,

this approach is not scalable to meet customer needs. Thereféeetion7 of this Strategy
explores alternatives to help mitigate distribution issues like voltage regulation when hosting
capacity is exceededection0 includesinformation on the DR programs as well as customer
sited energy storageCustomer DER programs include support for customerP\5
interconnectiors” and the pending DR program applicatiofss.

5.1.2 Grid- Facing Technologies

Modern grids are defined by informatidhat is dependent on operational communications
networks, sensingand measurementoperational controls and analyticand field

automation. These technologies form the foundational cykgysical grid infrastructure.
Furthemore, planning models and tools arequiredto properly assess the changes
underway.Applications that leverage this core platform includdvancedmeteringand
enhanced planning toolsamong othersThe Companies have continually adapted and
deployed new technologies to support growth thie electrical distribution system and

improve the reliability on the grid. For example, as illustratedrogure20in Section7.3.1 the
Companies have implemented SCADA on approximatelpd&entof distribution substations
on O@hu. Table5 summarizes the current state of grid technology deployment at each of the
operating companies. Advanced technologies will lead to more efficient grid operations and
OOCEI EUAQGETT 1T £ $%28 4EA AAOATAA T &£ AT 1 OET OAA
efforts to date will result in unsolved operational challenges, as described in Séczion

% The companies have executed circuit upgrades to facilitate DG - PV interconnections, See Docket No. 2014 - 0183, PSIP Update
Report, December 2016 , N- 51.
67 Hawaiian Electric Companies - Integration To ols and Resources: https://www.hawaiianelectric.com/clean - energy -

hawaiifintegration - tools - and - resources/integrated - interco nnection - queue
8 See Commission Docket No. 2015 - 0411 and HPUC Docket No. 2015 - 0412
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Table 5Hawai i an Electric Comp a GidéMsd@rifation gr e s s

Towar d

TECHNOLOGY HECO HELCO MECO

FOUNDATIONAL

Operational Communications

Wide Area Networks . ' .
Field Area Networks O O O
Neighborhood Area Networks O O O

Sensing & Measurement

Secondary Voltage Monitoring @ @ Q
Faulted Circuit Indicators 9 - -
Operational Data Management
Planning Tools - - -
Operational Systems ' @ G
Automated Field Reclosers . @ G
APPLICATIONS

Smart Meters Q O O

The blueshaded area in each of the Harvey balls in the table represent the state of progress:

- A fully whiteHarveyball means no technology has been deployed.
- A fully blue Harvey ball indicates the technology has been fullyajegal.
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5.1.3 Ongoing Asset Management

Just as idoesnot make sense to start remodeling a house by installing the latest smart home
technologyif the structure and foundatiomre falling apartjt does not make sense for the
Companies to add advanced grid teuatiogies to a grid with a deteriorated foundationhd&
Companies have an ongoing infrastructure replacement progfanthe core physical
infrastructure that ighe foundation for any modernization effort. The challenge for any utility
today is that the grid, particularly with regard to distribution, is at various states of capability. It
is not costeffective to address all issues at once, so prioritizatiessentialto focusng on the
greatest need and the highest customer value. In this context, the current state of the

#1 1 PATEAOS COEA EO OOi I AOEUAA AAIT x8

The Companies havestalledtransmission and distributionT{&D) infrastructure over many

decades to suport electricgrowth z much of it from 30 to 60 years ago during a period of
economic growth following statehood=igure9, Figurel0, andFigurellillustrate the age of
OEA #1711 PAT EAOG (prigithxBsbabjusteciar inatioA) O OA OO

Over time, T&D infrastructure deteriorates or is weakened due to a number of factors,
including normal wear and tear, mechanical stress, dielectric breakdown, weather, corrosion,
rot, contamination, or animal/human damag® This deterioration leads to failures that cause
power outages. The Companies have an ongoing infrastructure replacement program to
address these issues. Replacement of aging utility infrastructure is generally more expensive in
real {nflation-adjusted dollars than the original installations. This is primarily due to the
increased scope and complexity of replacement projects. For exardpbstly burying
distribution cables in greenfield residential developments was a common industry practice in
the 1960s and 1970s due to lower installation costs and taige life expectancy. However,
replacement of these cables that are now failing at increasing rates involves muchtinaore
simply providing newcables?

4EA #1711 PATEAOS ACET C COEA ET £#OAOOOOAOOOA EOOO

consistent with the industry, which built much of the existing distribution in the pa&/II
period. This asset replacement program improves safety and customer reliadmldyncreases
the capacity for DER integratiols described ifsection 3.2.2, it is important to have a solid
foundation upon which advanced grid technologies can be applied to create a modern grid.

8 This is easily visualized when considering aging wood pole infrastructure that may be rotted due to weathering or termite
infestations. The wooden pole infrastructure is comprised of both new and aging poles that may need to be replaced or upgraded
to ensure reliability and to protect technology investments.

0 The current process for replacing buried distribution cables includes neighborhood notification/communications, lo cation and
avoidance of other buried utilities; traffic control; circuit switching/reconfiguration to minimize existing customer service
interruptions; excavation of existing roads, sidewalks, driveways, and landscaping; installation of concrete - covered/en cased

conduits (current industry standard for cable protection and ease of replacement); and restoration of all excavated
surfaces/landscaping.
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Figure 10 Hawaiian Electric | n- Service T&D Infrastructure Assets (2016$) 7
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Figure 11: Maui Electric In - Service T&D Infrastructure Assets (2016$) 72
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"Hawaiian Electric Companiesd plant accounting as of December 31, 2016.

2 Maui Electric plant accounting as of December 31, 2016.
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Figure 12: H a w a Elettric Light In - Service T&D Infrastructure Assets (2016$) 7
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Infrastructure replacement coincides with the need to modernize, and opportunities to
coordinate installation of advanced grid technology in the field will be purstiée.

prioritization ofreplacingaging assetwill be correlated with and educated by tifrategy.

The factors to consider when evaluating aging asseisuding expected asset lilgycle,
likelihood of failure, effects of failure, and economic consideratiored to be incorporated
with waysto evolve along with thiStrategyin building toward the integrated grid of the

future. Maintaining the physical grid infrastructure will be coordinated with the broader future
vision.

5.2 GRID OPERATIONALCONSIDERATIONS

Electricity is the lifeblood offawaidd ®odern society and economyfhisviewwas reinforced
inbothAOOOT | AOOS inmkdntisindeyslt isfofteA easy to forget the role of
electricity when considering more recent innovations. For example Internet certainly has
fostered productivity gains and new busines®dels over the past 20 years. Also, the
emergence of the Internet of Thingshas led to opportunities to enhance lives and improve
business productivityHowever,these innovations are dependent @ecess to higlquality

and reliable electricity.

Asthe Gompaniesplan forthe future of 100percentrenewable energydistributed and
customerowned photovoltaic generatios an increasingly integral component tbe
generation mix. Already, D&Vhas dramaticallympacted the daily loagshapeserved by the

3 Ha w a Electric Light plant accounting as of December 31, 2016.

“Center on the Family, College of Tropical Agricul t dMamoazsEnedgy Repoian Resources,
2014 6Public Attitudes About Re nltpsad/mduiener§ynoafergnge.convipubtica w a-iatitides - about -
renewable - energy - in- hawaii/

5 Cisco 0 Internet of Things Overview 60 Co n n e E&teiything Drives Positive Business Resul t s 6:
http://www.cisco.com/c/en/us/solutions/internet - of - things/overview.html
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Campanies Midday loads, when PV production is highdsas on occasion declingd below

the evening minimum load levelsvhich have technical impagctas further described below
This is not unique tdélawai, sinceCalifornia has experienced the sanssue as illustrated in
OEA #!1) 3/ .00HAMévE HaWEIDESA more acute set of challengasth for the

bulk power system and on certain distribution circuits with very high levels okDERPV
specifically.Unlike Californiawhichis interconrected to neighboring states, variability in
generationcaused by varying weather patterimsHawai must be compensated by energy
storage generatorsor other equipment and cannot rely upon importing energy for shortfalls
or exporting energy during oveyeneration conditions.

The Strategywill help the Companies teeliablyintegrate more renewable generatiotit is in
this context that operational challenges should be considered and addressed.

5.2.1 Bulk Power System

As outlined in Appendix D of the PSIP, tjenerationresources servinQ EA  #1 1| BAT EA OGS
customers consist of botgrid-scaleCAT AOAOETT AO xAi 1 AO AOOOI i AO
generation.This represents a shift in generation resourogkereprivately avnedvariable

distributed generation will increasingly beconaesubstantiajeneration resource on the grid.

AEEO OEEAZO EO AEAIT AT CET C OEA #bspeidlydbder@d AAEI
visibility of the distributed resources, as is these today In addition to managing the minute

to-minute and dayto-day variability inherent in grid operations, the level of uncontrolled

distributed generation is creating an even more dynamic balancing situa8gatemlevel

generation requirements arehanging across the islands as the resulthef changing resource

mix, variability and uncertaintyattributed to weatherand lack of visibility and control of

distributed generation resources

Figurel3illustratessystemlevel challenges o®@@hufrom 2013 to 2017. Atlagh level, the
figure depictsthe following characteristics

E The daytime minimum load served by the Companie®iscasionallydecreasing to the
point that it is lower than the overnight minimum load

E Variable output fronrenewablegenerationthroughout the dayresults in significant
rampingrequirements from bulk system resources

E While theamount of solar connected to the systegnew exponentialy, overallthe
peakdemandremains relatively unchanged

6 California In dependent System Operator 60 What the duck curve tells us about managing a green ¢
http://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pd f
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Figure 13 O 6 a Isystem Load Fourth Week of January 2013 - 2017
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These trendsn grid operatiorhave importanteconomicimplications:

E Traditionalgeneratingresourceghat are ramped to balance supply and demaare
being displaced, along with the ancillary services provided by these resqusuels as
frequency response, rotational inertiandfault current among others As the daytime
minimum has become lower thathe nighttime minimum, dispatchable generating
resources are increasingly being taken offline to accommodate production botin
grid-scalerenewable energy resources and DER

E The need foflexibledynamic resources is increasirs the grid becomes more
dynamic, the need for resourcdisat can regulate grid frequency and provide fast
frequency response is increasings indicated by the variabilitgbserved duringhe
day.

With the existing grids, the economic impact of #eeffectshasgenerallyreached the point

of beingnegative. The operating efficiency of existing generating units on the syssem
compromised because they are increasingly being operated at lower outputs (sometimes at
minimum output) andbecauseon-off cycling (startup and shutdown) is becoming more
frequent. On highly variable days, additional generation capacity must be kept online (as
ancillary service spinning reserves) to ramp up and ramp down outputcalpalance supply

and demand as variable and imieittent renewable generation resources fluctuate. During
periods of higly variable generation, grigscale renewable generation is sometimes curtailed
to maintain sufficient upwarereserve capacity from dispatchable units (at times, minimum
output), sinceall of the DGPV installed to datés not controllable.However, thesdraditional
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dispatchableresources may be needed to maintain an acceptable level of rotational inertia
and shortcircuit current must be maintained to ensure system stability.

Moreower, these system challenges, which are inherently complex, are all the more difficult
given the lack obperational dataand controlof DERsystems With the increasing amount of
distributed generation, there are corollary concerns for implications with respect to both
systemfrequency and bullsystem regulationFor examplepn February 25, 201& break in
cloud cover across a portion Oahucausedthe system frequency to spike unexpectediye

to an increase ithe output fromcustomersited PV which reduced system loaaind created

an overgeneration condition During this ramping evengrid-scale generatiorrould not
reduceits output fast enaugh to regulate the system frequen@t 60 Hz.This was just one
example of customesited PV impacting the entire systeniihese types of frequency

instability events will occur with increased frequency and magnitude if the generation and T&D
systems are at updatedandif new technologies, such as batteries and other storage systems
and loadsare incorporated into the grid and grid operatians

This type of issue was also recently identified by NERES DER report that called for greater
situational avareness of DER performanceNERC is the entity accountable to theSJand
Canadian governmerstto ensure electric system reliability. The Companies have begun
investments to increase the visibility capabilities across the grid. However, the proliferaition
DG-PV in recent years hasirpassedhe ability of the Companies to keep pace with
appropriate levels of sensing, measurement, operational analy#ios technologies to
manage system frequency and stability.

5.2.2 Distribution System

Traditional dstribution systemsare typicallydesignedradiallyfor one-way power flow(as
illustrated inFigure14) and havedecreasingcapacity as electricity flows from the transmission
system across the distribution feeder to individual customers. This is not unlike a stgiply
system that has decm&singly smallersized pipesfrom the mainline to a housend then to the
kitchen sink Thisone-way designs important to considebecausedistributed customer
generation with outputin excess ofhe customelOdemandwasnot factored in thedesign of

the currentdistribution grid. As a result, areas with high concentrationscoktomerDG-PV

can have generation output that exceeds the capability of the conduatorsltage issues
causedby the reverse flow of poweihe limit of DGPV that a circuit camccommodate is
known ascircuithosting capacity.

7 NERC Distributed Energy Resources Connection Modeling and Reliahility Considerations February 2017:
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/Distributed_Energy Resources_Report.pdf
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Figure 14 Traditional Power System

Generation & IPPs Transmission Sub-Transmission Distribution & Customer

Distribution systems catypicallyaccommalate DER up to the circuit hosting capacity with
little to no negative impats on the circuiperformance omguality of servicdor customers
However, wherpenetrations of DERXxceed hosting capacitythe DER services and/or
distribution infrastructuremust be counterbalancetb prevent undesired impactelated to
voltageviolations,thermal overload, or compromisingprotection. Additionally, variabilityin
the output of DGPV systems over short time framgseconds to minuteg can be muchmore
drasticthanwhen customer demand was the only variable. This variabilitycreate voltage
fluctuations that degrade the quality of service to nearby customers.

As discussed iRooftop P\Interconnections: A Methodology of Determining PV Circuit Hosting
Capacityfiled in Docket No. 2018192 on December 11, 201Be Companieganalysis of the

distribution system concluded that continued PV growth will require solutions to mitigate

voltage power qualityssues conductor and equipment overloads, and opeoaial flexibility
deficienciesFor examplethe Companiediave recorded high \age conditions cased by PV.
FigurelSillustrates one reaivorld example where PV caused voltage to rise during daytime
hoursusingdata captured at the distribution transfmerandDEA A OOOT InB0ds O 1 AOAC
This particular customer installed a 10 kW PV systehich clearly caused voltage to rise

during the peak solar hours (i,&100n) as comparewith the voltage seen at the distribution

transformer (monitoring point)Theriseof approximatdy 6z7 volsseen between the

iTTEOI OET ¢ PTETO j Al OA TETAQq AT A OEA AOOOI T AO
the prescribed voltage limits of national standards and Hawaiian Electric power quality rules.

This level of voltagéeviation, for example, can cause customer equipment to, tgusing

disruptions to theirservice
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Figure 15 Vol t age Readings at a Realatd Distrbutiéhs Sévee Eansfoanred
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InFigurel6, the readings from distribution monitoring devices are compared with the system
readings collected from theubstationfeeder headFigurel6illustrates that voltages can vary
throughout a circuit depending on D8V generation, load characteristics, distance from the
substation, and other factorg:or examplemeasurement device 5 iRigurel6is 5.5 miles

away from the substation and shows a voltage drop relative to the substation voltage.
Measurement device 1 and 7 aralittle over a mile away from the substation and show
varying degrees of voltage rise relative to the substation. Vhaisability highlights the need

for increased analytics and situational awareness so that the system operators can neomdtor
utilize distributed resources safely and reliadiyeasurement and sensingnly at the

substation is no longer sufficienthis data is currently being uséar planning purposeo
validate modeling, correct field discrepancies, and identify areas tave the hosting

capacity for the interconnection of more DBV.
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Figure 16 May 2017 Voltage Deviations on a Feeder From Distribution Monitoring
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5.2.3 Research & Technology Pilot Projects

The Companies have pursued several research studies to understand these operational
challenges and potential mitigation measures wihrtners such athe National Renewable
Energy Laborator{NREL)andHNEI Also, several technology pilots have been coaotha on
power electronics and smart inverters to managwt-var, demand response for ancillary
servicesandpreviousgeneration smart metersGiven the importance of customer service
guality and the scale of the voltage issuestba distribution grid, the Varentec secondary var
controller pilot is highlighted below. This is only one example of several promising advanced
technologies that the Companies are proposiiogusein this strategy.

Secondary Var Controlles

Advanced inverters set with autonomotisnctionality will mitigate some of the voltage issues
associated with high concentrations of BDI®/. Advanced inverters alone, however, cannot
mitigate the impact of legacy inverterand distribution system solutions are needed to
maximize the capacity aéxisting circuitsOne of the promisingechnologiesto augment
advanced inverter functionalitis through the deployment ofirid-connectedsecondaryvar
controllers (SVCs).

Commercially availabl&VCs uspower electronicgbased, fastacting, decentralzed shunt
vartechnology for voltage regulatiorEach deviceonnected to the secondary side of a pole
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or padmounted service transformer can injeearsand can regulate the voltage tightly
(x0.5% withinthe control range) locdy and feederwide. The devices are autonomously
controlled once aet point is dispatched via the utilitpupervisory control and data acquisition
(SCADAYr DMS systemThey can also provide system monitoring capability if a
telecommunication path is available. A DOE AR fAogramfocused on the development of

this technology for precisely this applicatigh.

Hawaiian Electriconducted a pilot orD@huat the Keolusubstationto validatethe

performance otthis technologyin mitigating voltage quality issuesvhich would then allow

more private rooftop solar systems to be addedtie distribution grid The pilot project
deployed61 fastacting SVCpower-electronics deviceffom Varentec (an ARPA grantee)

that are installed on the secondary side of a distributamcuit. These deviceautonomously
sense and regulate voltage by injecting vazsntentionallyflatten the primary and secondary
feeder voltage Figurel7shows the voltage flattening effect of these secondary var controllers.

Figure 17 Varentec Pilot Results for Voltage Support
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The pilotprogramconfirmedthat this simplified and automated system enables greater
penetration of DGPVand prevents strain on grid infrastructure. Importantly for customers,
the pilot demonstration projectmproved thesimulatedstatic hosting capacityfrom
approximately5 MW to 7 MW on th&eolusubstationfeeder.

8 DOE ARPA e GENI program: https://arpa - e.energy.gov/?q=arpa - e- programs/geni
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6 Customer - Facing Technologies

Grid modernization must create valwnd engagecustomersin several dimensionsrhis
evolutionand interfaceinvolves:

Enabling customers to have greater control of their energyspill
Providingcustomerswith contextual information regarding their electric service, such
as outage information

Collaborating with customers in relation to pertinent operational information through
social mediaand

E Embracing the opportunity for customers and othesdo-create services that can be
used to manage the power system

mr mr

[T

These are the key dimensions of customer engagement ini@ab the operation of the grid.

Many more aspects of engagemeateOAT AOAA O AOOOI i A0OO8 OAOOEAA
scope of grid modernizationThe discussion that follows highlights the strategjthin the

scope of grid modernizatioand related astomerfacing technologies.

A second, more holistic aspeat customer engagemenis the role that clean electricity plays
in Hawais® €zonomic development. The

Internet of Things ig profounddevelopment
that is positivelyaffecting customerdlives ami ~ Customers want choices to manage thei
businessesHowever, theelectric grid itself has €nergy costs and reliable, quality sergice
empowered economic growth and enabled ~ technology is seen as a means to this e
innovations like the Internet for almost 100
years A modern grid integrated with the

EOI AT AG8 OAT AAT 11 O1T EAAQGET 1 Oh ,and @lidepsysteinsh OOAT O
has the potential to create synergistic value that @amtinue toenable further economic
COIl xOE8 4EEO EO OBA £K/iakitlosGuEtedydan bt ad@drahpa® AEO

of and facilitate this future
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6.1 CUSTOMERIN CONTROL THROUGHINFORMATION

Customers want information to manage their energy bills and sepnsceh asnformation on
energy consumption, service quality, energy efficienagd other distributed resource options.
This information allows them control dheir budget and other aspects dlfieir energyservice.
Thisdetailis enabled through advanced metering and a customer portal that enables customer
access to account, consumptipand service informationDecision support tools assist

customers on the wid range of options to manage electric cosisd electric vehicle purchase
decisions

6.1.1 Advanced Metering

In the period of timesinceHawaiian Electric evaluat meteringtechnologies for the March
2016 Smart Grid Foundation Project applicatjsrsmart meteing hasadvanced A new
generation ofGdvanced meteingdis commerciallyavailablethat combines previous
generation functionality with new levels of integrated grid sensing, computargl open
standards communications. Advanced mesesire becoming comnmications agnostieén order
to interface withmost of the telecommunicationplatformsavailable These advanced meters
are designed tenableboth grid modernizationfunctions and traditionahdvanced metering
infrastructure AMI) smart metercapabilitiesfor customer operationsThe result is better
information for customers to control

energy bills and select services, improved

reliability and service quality, and greater

access to the grid for DER adoption.

Thisnew generationof advancednmeters

offer better sensing capabilitiesncludng

more complete power characteristic

measurement and calculation (e.qg.,

voltages and reactive power) in residential meters. Commercial meters provide a full spectrum
of power measurement. Additionally, theghird-generationmeters(the firstgeneration was
installed in the late 2000s) have improved the operational effectiveness of the outage
notifications. Advanced meteyalso have capabilitie® further enable data and information
exchange with customers participating in the DR programs described in3egid. 1

9 See, Commiss ion Docket No. 2016 - 0087, Application for Approval to Commit Funds in Excess of $2,500,000 for the Smart Grid
Foundation Project.
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In a more distributed grid, the connectivity of devices to the electric network becomes critical.
The physicalconnectionsand relationshifbetween tho® components is not statjand

increaged switching and automation capabilities dynamically change the grid configuration.
fact, advancedneters are beginning tancorporatetechnologyto help understand the
associations betweemeter andtransformer. For example, advanced meters can improve
public safety by identifying broken electrical neutral connections between the customer and
the distribution transformer

Also, meter manufacturerdiave enhanced the internal computing platform to enable
applicatiors. This platformenablesutility applications that can be download, similar to
downloadingan appicationona smart phone. For example, an application could be developed
to provide interaction between thadvanced meteandthe intelligent switchesdesaibed in
SectionO, with the advanced meteproviding actionable data to thatelligent switchto
coordinate feeder switching with changing loads after an outage

The ability of the meters to interact and exchange information with other devices connected to
the common communications network is called pelerpeer communications. This was not
possible with prior generations of smart meters. Paerpeer capability iSoundational for

meters and other devices in a modern grehere localized sensing and control is desired

Also, unlike earlier smart meters and associated communications networks, these
generation metes are becoming communications agnosticough WiFrlike interfaces so
that they will be able t@onnect toanyavailabletelecommunicationplatform. A new
standard, WiSUN is designed to provide this flexibilityvhich wasdentified by the
Commission in it©Order No. 34281 This type of standarcombined withthe communications
architecture discussed in Secti@will enableproportional deployment at the pace of
customer valueWith a commommulti-purposecommunications infrastructure to enable both
grid modernization anc&dvanced meteing, these solutions can be tactically deployed to
customers participating in DR, DEBG-PV, andpre-pay programs or to areas that are
experiencing issues such as hostoapacity constraints, frequent outagest power quality
issues

Safety is always the first priority. Advanced meters can mo@nitor both meter socketand
ambienttemperature, as well aslisconnect the meter from the premiséf a temperature
thresholdis exceededAdditionally, many studieshave investigatedealth concerns
associated with advanced meter$he normal operation of advanced meters includes radio
frequency transmissions from the meteand these communications occur with very low duty
cycles, at average power levels far below safety standards specified by the Federal
Communication Commission (FC@}:

% EPRI, A Perspective on Radio - Frequency Exposure Associated with Residential Automatic Meter Reading Technology, 2010;
Characterization of Radio Frequency Emissions from Two Models of Wireless Smart Meters, 2011:
https://www.epri.com/#/pages/product/000000000001020798/
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While radiebased communications has been provgafeandis widely usedor many

consumer and commercighon-utility) applications tody, the Companies recognize that a

few customerdeel concernfor their safety. As such, thiStrategy recognizes the option for
customers to not have a wireless radio communicating meter. The Companies are exploring
other wired communication alternativef®r advanced meters for select customers and
applications with poor radio reception. This will be addressed in the planned subsequent
advanced meter procurementkowever, it may be that no viable alternatives may exastd in
those very few cases, customgemay not receive an advanced meteith communications

which may also preclude participation in a progrémat requires a advancedmeter.s2

Unlike the Smart Grid Foundation projesystemwide deployment of smart meters, this
Strategy is based on a phad deploymentto customersparticipating. This affordable
approach aligns customer value with costs. This is important as the systielm deployment
wasfound not to be costbeneficial.The initial phase of deployment will involve installing
meters to DERustomers, and those that have chosen to participate tmee-of-use rate
and/or demand response prograrAdvancedmeters will become the newneter standard, so
that new customer service requests and replacements willacs@ncedmeterss: Also, it is
anticipated that at some point in the next decade, the benefits of deplogdgancedmeters,
in a subsequent phase, to the remaining radvancedmeter customers will outweigh the
costs.

6.1.2 Customer Information Portal

Access to data is a key partt enabling customer choice and control. éistribution grids

transform into integrated grids that support the twaray flow of data and powethe overall
powerenvironmentmoves from oneof low data intensity to one of high datatensity.

Customers thacurrently have smart meters and are part of the Smart @ritlal Phase pot

EAOA AAAAOGO O1 AT 11 I=Erfnthephlice(driglihey &re dble thted O C U
their energy usen 15minute intervals view future and past electricity usafgest trends, and

access their data utilizing the Green Button standeréiowever, a new portal with Green

Button functionality for customers and customauthorizedthird partieswill need to be
developedbecausehe existing portal is limited to thénitial PhaseSmart Grid pilot hosted by

81 Hawaiian Electric - Safety of Smart Meters: https://www.hawaiianelectric.com/clean - energy - hawaii/smart - grid - and- smart -
meters/how - it- works/safety - of - smart - meters

82 Alternatives are being explored in response to customer concern and comments regarding advanced meters during the June draft
strategy comment period.

83 Advanced meters may use wireless or an alternative wired communication solution that will be explored to address potential
customer health concern

84 Hawaiian Electric Companies - My Energy Use Portal: https://www.hawaiianelectric.com/clean - energy - hawaii/smart - grid - and -
smart - meters/my - energy - use- portal

85 The Green Button initiative is a standard developed for making meter usage data availab le to consumers and authorized third
party providers. Green  Button began in 2011 with a published standard for customer data access. The two different versions of
Green Button are Download My Data, which enables download of historical usage, and Connect My Data, which provides
automated metering data under Internet and authorization standards.
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the communications supplier for the pilot. The new information portal will need to easily
integrate with existing portals and information systems to provide a seamless experience to
the customer.

TheCompaniesalso have additionabnlinetools for customers¢o manage energy
consumptionand support decisions regarding solar PV and electric vehitligs.examples of
tools being developed and proposed for implementation as part of this effort arétlsizing
calculator g which helps customers determine what size of air conditioner matches their
needs, and another calculator that helps determagagpliance operating asts.s” Also,
customers are able to evalua&dectric vehicle

options based on their needs

Preserving customer privacy ikay aspecbof

being entrusted withcustomerdata. For this

reasonOE A # 1 | poliyliskb Arotéct the

privacy ofresidential customers and the

confidentiality of business customerAs part of

the current privacy program, the Companies actively participated in the creation of the U.S
DO O * AT OAOU woXY $AOA O0OEOAAU ATl A pogaln 31 AOO
Now branded as DataGuardhis programrepresents the culmination dhe numerous federal

initiatives that preceded it? The Companies areurrently modifying and updatingpolicies and
practicesto adopt DataGuard®

The Companies understand amge vigilant about mitigating the potential risks posed by the
implementation ofcustomerfacing and gridechnologies Customer information and privacy

EO TTA T £ OEA #1 1 bhat B Alyia additoCtatie &x@ting OET OEOEAOS
cybersecurity sy'ems discussed in Sectioh6, the Companies have extensively prepared their
operational configurations to protect against any unwarranted intrusion or cydiéacks on a
modernized grid.

8 Hawaiian Electric Companies A/C Sizing Calculator: https://lwww.hawaiianelectric.com/save - energy - and - money/calculate - energy -
consumption/a/c - sizing - calculator

87 Calculate Appliance Operating Costs:  https://lwww.hawaiianelectric.com/save - energy - and - money/calculate - energy -
consumption/calculate - appliance - operating - costs

8 Hawaiian Electric Companies - WattPlan for Electric Vehicles: www.hawaiianelectric.com/WattPlanforEV

®previous federal initiatives include the Privacy Act of 1974ARepdite Federal T
To Congress, Federal Trade Commission, June 1998 ( http://www.ftc.gov/sites/default/files/documents/reports/privacy - online -
report - congress/priv -23a.pdf) ; the Federal Trade dCofmmigsiRNIGss 0iTheudkRe in 2007, published
681.1. See also 72 Fed. Reg. at 63,771 (Nov. 9, 2007) ( http://www.ftc.gov/os/fedreg/2007/november/071109redflags.pdf ); the
U.S. Department of Homel and Securityds Policy Guidance Memorandum, Decembel
(http://mww.dhs.gov/xlibrary/assets/privacy/privacy_policyguide_2008 - 01.pdf ); and t he National Institute of Standards and
Technology (NIST) 7628 Revision 1, Guidelines for Smart Grid Cybersecurity, Volume 2 - Privacy and the Smart Grid, 2014
(http://nvipubs.nist.  gov/nistpubs/ir/2014/NIST.IR.7628r1.pdf )-

9 Hawaiian Electric Companies - Privacy Policy: https://www.hawaiianelectric.com/privacy - policy
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Moderni zi ng HBRov@ur @Qustdmers |G Auguast2017

6.2 CUSTOMERCONTEXTUALINFORMATION

Hawaiian Electric launched its@hu Outage Mapveb pageat the end of October 2018.The
online map provides customers with information on status and allows them to report their
outage online insteadf calling the trouble line? The outage map displays all known outages
while major outages are pushed proactively througbcial medischamels.Also, customers
canevaluat rooftop solaroptions through another shopping toolyhere customesinput
locationand usage information anthe tool estimateswhat sizePVsystem may be
appropriateand summarizeshe differentfinancingoptions.

6.3 CUSTOMER COLLABORATION

As theCompanies focus on improving overall
customer satisfaction, social media plays an
important role ininterfacing with customers
Engagement and social listening enalbhe
Companiedo shareand receiveelevantinformation
with and fromcustomeisand usethat information to
make smarter business decisiorns.order to do this,
the Companies utilizesocial medigo enhance
customer service, build a relationship with the
communities and provide thought leadership.

Customersoften reach outeither proactivdy or indirectly by sending messages or posting

statements on their social media accounis.both situations, the Companiés P OAAOEAA EO
NOEAEI U AAETT xI AACA A AOOOT i AO6O AT i Pl AETO T O
resolve the issualependng on the situationCustomer service issues can range from getting
information aboutA A O O Gledtrid WII&NG facilitating payments, to receivingn update

opportunity to engage in realime two-way communicationMost customers are grateful for

the quick response and happy to speak with someone that may help address their issues and

concerns.

For all social media channels, the Companies build online sograhcmities by sharing news
regarding community events, programand energysaving and safety tipepending on the

91 06 a tDutage Map: www.hawaiianelectric.com/outagemap
92 Hawaiian Electric Companies - Report an Outage: www.hawaiianelectric.com/reportoutage

9 Hawaiian Ele ctric Companies - WattPlan for Solar: www.hawaiianelectric.com/WattPlan
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social media channel, the content is disseminated in a way to help garner the most views and
expandthe Companieseach to customers.

The mpaniescommunicate and correspondith customeisthrough different formsof social
media.For examplevideos have been created to share knowledge regarding how the existing
system works fronareliability standpoint and how solar needs to be equitaldedll

customers includng the following titles

E Maintaining Safe and Reliable Energy for Custorerers
E Managing a TwéNay System to Integrate More Renewable Enefgy
E A Sustainable Solar Future fblawaiies

All onlineefforts are focused on building trusind transparencyvith customersln 2014, the
Hawaiian Electric Companies launched Facebook and Twitter accounts and took a proactive
approach to engage with customers in the social media spRoer to that,the Companies

had madesomeuseof YouTube andFlickr.Only when the Companies launchéukir official
Facebook and Twitter accounts dildey start being a part of theocial mediaconversation.

Most of the social media accounts are consolidated into one account representing Hawaiian
Electric, Maui HEctric, andHawai Electric Light collectively as the Hawaiian Electric
Companies.

4 EA #1 | Dultter Eafnfa@ynwas created with separate accounts for the three
companies to account for proactive outage notificatiofealtime proactive outage
notifications are pushed through Twitter and Facebook/Instagrathafseverity of the outage
and the number of customers affectedarrants getting the message out to a broader group.

With social media the Companiesceivefeedback directly from customers ieal time.The

Companies first started off witthe Hawaiian Electriaccount(@HwnElectric) on Twitterand

the Hawaib Electric Light and MaitElectriccompaniesfollowed sortly afterward In August

2014, Tropical Storm Iselldit the islandsand Instagram alloved customers to share photos of

the damages and impact frorthe storm. Decisions weréhen made on what updates needed

to be included for communication to customers through news releases and postings on social

media. The Companies openedaistomerinformation center onHawai Island to help

customersstay informed abouthe progress of the restoration efforifgmages were shared by
AOOOI I AOO AT A OADPI OOAA 11 OEA #1711 PATEAOGSG O1 AE

9 Hawaiian Electric Companies - Maintaining Safe and Reliable Energy for Customers: https:/lyoutu.be/QECzuo8WDA4I
9 Hawaiian Electric Companies - Managing a Two - Way System to Integrate More Renewable Energy:  https://youtu.be/nH47jRCk5cw
% Hawaiian Electric Companies - A Sustainable Solar Fut ur e f or HitpsW/goutbbe/tA2Z48nIDoQ
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6.4 CUSTOMER CG CREATION

Customer cecreation nvolves utilizing customer DER and energy conservafisn

instrumental resourceto manage the power systerafficiently and reliablyGiven the role

that DER will increasing play to enable 9D A OA 6 O O A it i8 esdedtibl fo er@agd 1 O
customersand aggregatorgroactivelyto participate in programs and procuremenibhe term
(prosumehas also been used to describete customers that both consume and produce
energy and related services. The atfpoosumers providing services to the grid csaeation.
The Companie&emand response progranend DER aggregation procurement are current
efforts at leveraging customer DERhe rise of customedpattery-energy staage is expected to
play a keyrole in enablinglispatchable distributed supply resoees in addition to dispatchable
demand resources.

6.4.1 Demand Response Programs
4EA #1101 bATEAOS DPOI DT OAA $2 bl OO&I 1 EI AOAAOAO
customers can use their own equipment and behavior to have a role in the management of the

~ A X L o~ z A =z -t

eARAOOEA COEA8 4EA #1101 PATEAOCS $2 ET EOEAOEOAO xi
at the same time empowering customers with expanded energy options and economic
opportunity.

4AEA (AxAEEAT %l AAOOEA #1 i bAddimAcddakewitDdrdO £l 1 ET
3205497 Policy Statement and Order Regarding Demand Response Prog@Rd$olicy
Statement), issued by the Commission on April 28, 2014, and in accordance with the

#1 I DATEAOGG )1 OACOAOAA s AXDRPPA 2AO0DI T OA 01 OO0 I

The Companies have requested approval for DR programs focusing on four shestehgrid
service tariffs and a selection of riders to allow customers to deliver the following progeams:

1. Capacity programs that compensate customers for providing DR sertacte grid
through time-of-use(TOU) rates, reatime pricing, critical peak incentivd€PI) and/or
day-ahead load shifting

2. Fastfrequencyresponsg(FFR) programs that compensate customers@ahufor
providing a loaereducing response following a contingency scenario (@generation

trip)
97 Commission Policy Statement and Order Regarding Demand Response Programs, Docket No. 2007 - 0341, April 28, 2014:
http://puc.hawaii.gov/iwp - content/uploads/2014/04/Order - No.- 32054.pdf
8The Companiesd | DRPP was filed on July 28, 2014, hip/epucbawdigdiveg en March 31, Z

content/uploads/2014/08/HECO - Companies - Integrated - Demand - Response - Portfolio - Plan- 07 - 28 - 14.pdf

% Commi ssion Docket No. 2014 - 0192, Distributed Energy Resources Policies and Docket No. 2015 - 0412, Demand Response
Portfolio Structure.
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3. Regulatingreserve programs that help the Companies to balance their electric grids by
operating DR resources in response to automatic generation contrabdsgirom the
energy management system
4. Replacementeserve programs that compensate customers for providing toad
reduction in place of the Companies startindgat-start generator
$2 00T COAI O xEIl AT OI11 AQGOOI i AOgentblincréasel COAIT O
or decrease their electricity demand. Customers can utilize mengruse devices to provide
DR, including water heaterbehind-the-meter storage and EVs. The goal is to utilize DR to
support grid reliability and stability.

In the future the DR portfolio expects to add grid services as these service needs become
defined, quantified and valued. This is applicable not only to bulk system services, but also
distribution-level services as well.

6.4.2 Customer - Sited Energy Storage

Customersited energy storage can enable more DER on distribution circuits, but proper
coordination and controllability of these resources is essential to maximize the benefits they
can provide. G@stomer storage systems promise an array of potential benefits for customers
well as companyperations includingthe following:

Storing excess energy

Time-shifting the net customer demand away from epeak periods

Avoiding the need to add capacity to serve peak loads

Smoothing ramping due to daily and transient changes inputitfrom largescale
renewable generation installations

Smoothing the net load from customers with similarly variable renewable generation
Improving customer experience through better reliability and resiliencysie

Deferring investments in new or upgiad transmission capability

Serving markets for ancillary services such as operating reserves and frequency or
voltage regulations

T T T [T

[T [T [T [T

Today, customers are taking advantage of opportunities to inga#rgystorage in an effort
to manage their energy bills.

E Hawaiian Electric installed 499 gridteractive water heater¥°at Kapolei Lofts, a
rental housing development in West@hu. The installation tests demand response
technology and its ability to shift demand or provide regulation services.

100http://www.bizjournals.com/pacific/news/2016/07/13/forest - city - puts - 499 - unit - west - oahu - rental - complex.html?ed=2009 -
07-27
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E Commercial customers participated in a pilot program that deployed nebkiV of
intelligent battery energy storage to optimize their use and reduce demand charges,
with benefits to the grid through demand response program participatiéh.
E Over 750 customrs have opted to participate in the customer sslfpply program,
which provides the option to install a battery system in combination with'P\rhese
customer sefOOD DI U OUOOAI O 11O 1171 U AATAEEO A AO
bills, butarealso in gosition to participate in future demand response programs to
provide grid support.
E Numerous other customers simply install energy storage for added resiliency to power
critical loads in the event of a power outage.

The Companies will continue to deve@l@o-creation opportunities with stakeholders and
customessto find symbiotic opportunities for customesited energy storage

01 https://www. hawaiianelectric .com/hawaiian - electric - and - stem - inc - successfully - test- 1- mw- of - energy - storage - at- 29-
commercial - customer - sites

102 5ee Weekly Report & week ending 2017 - 06- 13, filed in Docket No. 2014 - 0192 on June 20, 2017.
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6.5 ECONOMIC GROWTHOF SMART CITIES & COMMWITIES

Many citiesand communitiesaround the countryare participating in a dialogue about how to
leverage technology innovatisio OO AT O &l Oi O Esidrt Otikd.00he Of tHegodlsi O
of a smart city transformatiofis to create cities that would be interconnecteda the Internet

of Things and allow dree flow of ditathat canboth enhance existing city functiorss well as
create new ways to positively impact the communities they seahreugh synergistic value

from integrated critical infrastructure such as water, telecommunications, transporta@ol
electricity. As noted in a recent Forbes article

OAs more smart <cities emerge, embracing tech
big data offers, we will likely see a new business strategy edgggeollaboration.

When we think of cities nowyve typically envision businesses, systems, and people

operating among one another with almost no connection or collaboration. Now,

imagine what will happen once cities become more connected and smart? Once local

companies realize the value they could ¢estgether through interconnectivity, the

possibilities ware virtually endless. ¢

These discussions have much in common wigmsformation of the gridOne key concept

that has emergedsthe idea of convergence&Conwergence of networkgancreate strong
economicbenefitsfor communities, businesseand customers as well &sr the infrastructure
owners.The opportunity to converge two or more networks arises from the potential to
integrate various elements of the respective networks or systems in the context of resources
sharing commonnfrastructure This integration is intrinsically synergistithe caowvergence of
the electric network withother critical infrastructure along withsocial and economic

networks, is theenergy Internet of Things+ A moderndistribution systemas envisioned in

this Strategy allows the value of convergence to grow.

One examite is the opportunity to leveragte operational flexibility ofvater pumping and
wastewater treatment to manage the dynamics on the power system through adjustments to
pumps and processesithout impacting the quality or production of waterAnother is he
deployment of 5G cellular service étawai, the need for highly reliable electricity to power
this new networkand the opportunity to collaboratevith other service provideris a mutually
beneficial way for all customers. Other telecommunicationgopgunities include leveraging

the implementation ofleasedfiber optic cablafor substation communications in return for
access to utility poles and other infrastructuie final example ishe potential to leverage the
new fieldof wireless communicatins for smart LED street lighting control for communities to

103D, Newman, Smart Cities M ay Turn Competition Into Collaboration, Forbes, November 25, 2016:
https://www.forbes.com/sites/danielnewman/2016/1 1/25/smart - cities - may - turn - competition - into -
collaboration/#39eee58a395f

104p De Martini and J. Taft, Value Creation Through Network Integration & Convergence, Caltech - PNNL, 2015:
http://smart.caltech.edu/papers/ElectricNetworksConvergence_final_022315.pdf
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manageand save electricitandevenimprove public safety. These modest first examples are
expected to grow athe Companiesiraw insights from global smart giefforts.0s

Microgridsthat encompass more than one building are part of thisart community
discussion. Athe DOE has defined,s a microgridinteroperates with the grid in a manner
that is coordinated and can provide bertsfio the grid as well a® customers/communities
Thisholds whether the microgrid is developed by the utilityasrother entity. ThisStrategy
contemplates the abilityof the integrated gridplanning proces$o cooperatively develop
microgrids with communities and customers.

6.5.1 Electrification of Transportation

Electrifying thetransportof people and goods

in Hawai is animportant opportunity to

capture the synergistic value of clean energy

to reduce greenhouse gases whikso

reducing the net cost of the grid for all

customers throughmore efficientutilization.

With Hawaidd ganned 10(ercentRPS by

2045and its goato reducegreenhouse gas

emissiongo 1990 levels by 202he electrification of transportationEoT)becomes even
more compellingoecausdt enablesreductionsin fossilfuel use Many of thegrowth
opportunities in theEoTalso offer flexibility irthe timing of their energy consumption,
opening the possibility of the technologiesan essentiakesource folintegration of
renewablesHawaiian Electric hadetailed many of these opportunities its 2017 Test Year
Rate Case filing to th€ommissiomo” EPRI has also conducted research to characterize many

of these opportunitiesoe 109

EoT inHawai not only includes ground transportation batsoairport activities and harbor
operations Stakeholders for each of these groups are coming together arounduedtvision
for EOT inHawai. In addition, stakeholders from théompaniesthe public sector, and nen
profitl OCAT EUAQOET T O EAOA OECTI AA A 1 Ai T OAT AOI
Hawaido (DEH)initiative, whichset forth a shared vision glowering ground transportation
using 10(Qoercentrenewable energy. ThBEHinitiative is aimedat cost-effectivelyelectrifying
transportation by strategically lacing incentives to achieve the optimal transitionEds. The

105 See Meeting of the Minds - http://meeti ngoftheminds.org/  and Smart Cities Council - http:/smartcitiescouncil.com/

WThe U.S. Department of Energyds Microgrid Initiative:
https://energy.govi/sites/prod/files/2016/06/f32/The%20US%20Department%200f%20Energy%27s%20Microgrid%20Initiative.pdf

07 See Commission Docket No. 2016 - 0328, Application for ~ Approval of General Rate C ase and Revised Rate Schedules and Rules.
198 |nitial Data for Non - Light - Duty Electric Transportation Options . EPRI, Palo Alto, CA: 2017. 3002009754 .

109 Assessment of a Full Electric Transportation Portfolio, Volume 1: Background, Methodology, and Best Practi ces. EPRI, Palo Alto, CA:
3002006875 (The executive summary for this three - volume series is provided in EPRI report 3002006881):
https://www.epri.com/#/pages/product/3002006881/
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strategy and incentives are pessarysinceit is widelyagreed that the optimal level of EV
adoption is much greater than the level that would occur organically.

The Companies will be filing their EOT strategy roadmap with the Commissiadarch 31,

20180 The EoT strategy roadmap will include,ainimum, the Companies participation in

EoT within their service territoriefiow the Companies can foster opportunities for third

parties in the EV charging markdtow the BT strategy will interface withthe T | DPAT EAOG
efforts related to DR software, programs, and plannihgw the E@ strategy fits in with other
dockets, including DR and DE&d how the Companies can ensure that tariffs provide for
flexibility as technology, the market, and other factors éw®within the EV landscape.

A significant part of the EoT strategy roadmap in the near term is the development of an EV
forecast for various customer segments, which will incorporsdeioeconomicgemographic,
geographic andbusiness practiceharacteistics of customers and their driving patternBhis
effort will be incorporated intdhe PSIPand grid modernization effortsAs EV sales in Havdai
continue to increase, the power system will experience an increased amount of variable
electricity consumpion that is dependent upon the charging patterns of EVs. Many EVs may
be charged by power generated by intermittent energy sources, such as customreed-and-
sited solar PV systems. Increased load variation and load peaks may create a neleahiges

to the grid infrastructure. Therefore, in order to be most beneficial to the utility system, the
additional load from EVshould avoictoincidng with peak periods of electricity demand. It is
important to create and develop models related to ttendom,individuaizeddriving behavior
and induced charging needs to be able to investigate and quantify the impact of prospective
growth of EVs. This information will shed light on how the Companies respond to the growing
EV market with a wide variety of policieadprograms meant to promote the sales of EVs
while ensuring that their additional electricity consumptidioes not harm and potentially
benefitsthe electric system.

As part of the Compani€koT strategy roadmap filing, the Companies will be presenting
programs and tariffs that increase EoT in the neard- and longterm horizon, which align to
the four categorical themes below:

1. EV Adoption Leadership The Companies are also implementing several initiatives to
(Gead by exampléand raise awareness tife benefits of EVs (i.epurchasing more EVs
for fleet vehicles and initiating a workplace charging pilot)

2. Stakeholder Partnership The emphasisn this filingis on developing initiatives as
partnerships, including publprivate partnerships for fundig and a greater likelihood
of successful implementation.

3. Trusted Partner/ Advisor The Companies will work collaboratively with their
customers to facilitate and participate in educational programs, online product
developments, and societal impact analyst address EoT. The Companies can also

110 commission Docket No. 2016 - 0168, EV - F/EV- U Extension Decision & Order  No. 34592.
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serve as facilitat@to pair the public sector with private businesghat have ashared
interest in transportation electrification opportunities.

4. EoT Investment/Innovation: The Companies plan to lead the way efiding charging
infrastructure needs and will explore innovative EoT policies, programs, rates, and
tariffs to maximize EV benefits for all bfawaib.

The EOT represents a significant opportunity to assist in achieving thgé&@@ntrenewable
energy gal, but only if properly planned for and leveraged. The Companies do not plan to
merely accommodate EVs but to leverage thmerging technology as an asset.
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7 Grid - Facing Technologies

This section identifies technologies and strategies needed to transftiom the current state

of the gridtoward OE A # T | vidiAn oEakelidble grid affordably served by renewable
energy.Given the multiple unknowns for futuigrid use, thisStrategy enables a platform to
accommodate multiple possible future scenari@glrer than assuming a single path forward.
As described in SectioB.2, thisStrategy is based on developing the grid as a platform by
which technology can be inckeAT OAT 1 U AAAAA AT A AAOAIT T PAA
while incorporating the flexibility to adjust to changing circumstances and leveraging future
innovations. The platform requires certain foundational technologies, such as software, to
enable the incorporation of new applications. Without the appropriate foundational
technologies in place, no scenario for grid modernization is possitiie.Companiebelieve
that this strategy sets into motion the grid modernization that is necessaiyawai by
enabling a multitude of future scenarioBigurel8, Figurel9, and Table6 provide an overview
of the components of a modern distribution grid.

Figure 18 Technology Components of the Envisioned Modern Distribution G rid

Remote
Intelligent

) Switch
DMS & Substation

DERMS Automation

Remote Fault
Indicators Line

Sensors
ﬂf @ Secondary Var
U ‘;; Controllers
= (svQ)

Advanced
Inverters

[ Field Area
Area Network
Network

pd
ﬁ Distribution Neighborhood
Storage Area Network
\ @ Meters
< DR
Aggregator ———— Internet
o IR N
W Hawaiian Electric
Maui Electric 77

s A Hawai‘i Electric Light

POl E



Moderni zing

T N

Line Sensors:

Provides data on amount of
energy generated by rooftop
solar and enables more
efficient grid operations.
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Figure 19 Modern Grid Technology Component Descriptions
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‘Substation Automation: Provides remote
control of circuit breakers and access to
data ing more ient o ion and
faster outage restoration.
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Battery Storage: Stores excess electricity
and discharges as needed to enable
continued growth of rooftop solar and large
renewables

-
— —

Two-way energy flow

nl:lu
iL

Advanced Inverters:
Rasponds to changes in
rooftop solar output to
reduce impacts on
neighbors' service quality.

ol

(«

Advanced Meters:
Provides measurement of
customer's electric use,
production, and service
quality along with remote
service connection switch.
Allows customers to make
informed energy choices.
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Table 6 Components of a Modern Distribution System

Category Component Description

Advanced Distribution The physical location for distribution operators to interface with
Operational OperationsCenter management systems like DM®MS, GlSand DERMS in order to
Systems (DOC) manage the distribution system with situational awareness data anc

substation and distribution automation technologg.

Distribution An operational system capable of collecting, organizing, displaying,
Management and analyzing realime or near reatime electric distribution system
System(DMS) information. A DMS can also allow operators to plan and execute

complex distribution system operations to increagestem efficiency,
optimize power flows, and prevent overloads. A DMS can interface
with other operations applications, such as GIS, OMS,@ustomer
Information Systens (CIS to create an integrated view of distribution

operations.
Distributed Energy ~ A softwareAAOAA O1 1 OOET 1T OEAOQ -timé AOA
Resource visibility into the status of DER and allows for the heightened level ¢
Management control and flexibility necessary to optimize DER and distribution gri

System(DERM$ operation.A DERMS can also be used to monitor and control DER
aggregations, forecast DER capability, and communicate with other
enterprise systems and DER aggregators.

Outage A system thattilizes multiple inputsincludinggrid monitoring
Management devices guch asadvanced meters and line sensors) and customer
System(OMS) reports 6uch agelephone calls and social media posts) to quickly

identify outages Integrating an OMS with other systenike aCIS

can help determine the number of customers affectedanyoutage
and a GIS interface can help identify the likely geographic location ¢
the root cause of an outage.

Geographic A software system that maintains a database of grid assets, includir
Information System = transmission and distributioequipment, and their geographic
(GIS) locations to enable presentation of the electric power system or

portions of it on a map. GIS may also serve as the system of record
electrical connectivity of the assets.

Situational A software system thaprovides reaittime visibility to grid and
Awareness telecommunications network operations and operational data analy:
for decision support
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Category Component
Distribution Advanced Meters
System

Components

FaultCurrent
Indicators

Remote Intelligent
Switch(recloser3

Secondary Var
Controllers (SVC)

Substation
Automation
Network WideArea Network
Components
FieldArea Network
NeighborhoodArea
Network
Customer Advanced Inverters
Assets

Utilizing these and other grid technologies, situational awareness and grid control capabilities

Description

Meters capable of twavay communicationadvanced power
measurementcomputing platforms, outageand service quality
information, and serviceswitching.

Field devices thasense fault current to heldetermine the location of
a faultand with communications capability

Sectionalizing and tie switches that enable shifting portions of one
circuit to another for maintenance and outage restoration.

Power electronicsbased, fastacting, decentralized shurtar
technology for voltage regulatiorOther types of SVCs both absorb o
inject vars at the circuit level.lhey can also provide system monitorin
capability if a telecommunication path is available

Utilizing data fromSCADA and otheintelligent electronic devices
(IED) in combination with substation automation and control
capabilities to manage substation operations.

The highest levelfoa tiered utility communications structure
connecting the operations centers (main and backup) that house th
operational systems, power plants, substations, and data centers.

The second level of a tiered utility communications structure
connecting distribution substations and field devices such as field
routers

The third level of a tiered utility communication structure that
connectsintelligent switches, capacitor bankadvanced metersand
utility -managed demand response devices such as A/C cycling dev

Inverters for converting betweedirect current (DC) andilternating
current (AC) withHawai-specificlEEE 1547 compliafiwhen available)
voltage control from vokvarand voltwatt functions and greater
resiliency during voltage or frequency deviatigmsth visibility into
distribution system conditions via data collectiofhese inverters
would operate autonomously.

will evolve to address both current grid issues and begin the process of proactively utilizing
data and technology to efficiently matain a resilient and reliable grid. The proposed

integrated gridplanning process will provide stakeholder input on the assumptions utilized in
order to ensure that application of these technologies will economically meet customer needs.
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7.1 PHYSICALINFRASTRUCTURE

Efforts to modernize the grid must also take into account ongoing operatiand

maintenance efforts to replace aging infrastructure and components that fail during operation.
A proportional approach to grid modernization will prioritize the components of the grid that
must be upgraded t@ost-effectively and reliably meet custoer needs and quality of service.
Therefore, mgoingasset renewaprograms

for aging and problematic equipment provide

opportunities to incrementallyupgrade

transmission and distributiomfrastructure

capabilities that support new functional

requirementsin coordination with other

elements of thisStrategy.

Replacing significant quantities of oldaansmission and distributiomfrastructure that are
problematic (unsafe, obsolete, or high maintenance), failing, or nearing end of life, requires
considerdle ongoing capital investmerthrough asset renewal programb coordination with
grid modernization, aset replacementvill not be handled on a ondor-one or likefor-like

basis. Rather, as assets are due for replacement, plans for their future ititegmato a

modern grid are considered and cesffective technologies and functionalities are embedded
in the infrastructurereplacements being deployed\ potentially familiar analogy is thdahe
Companies ar@lanning to avoid paving the road twicehere the firstpavementfixed the
roadsurface and the seconghvingresurfacedhe trench made to replace thenderroad
piping. Thiscoordination between grid modernization and asset replacementframework

to ensure the road to a modern grahly needs to be paved onandthat modern grid
investments are planned, targetednd coordinated.

Additionally,a proportional approach fogrid modernization investments can and should
include coordination with state and local governments and include enasgyrance planning
similar to developments bthe state ofCaliforniat and the National Institute of Standards

and Technology? This energy assurance planning is intended to increase resiltency
interruptions to energy supplies during an emergenggan example of emergency planning,
the Companies could collaborate with ti¢onoluluBoard of Water Supplio identify critical
pOi PET ¢ OOAOQCEIT O AT A OAAE OI OEAOAAT 6 OEA
resiliency, build a contingency plaandreduce the potential for sustained outages to critical
infrastructure.Additionally, DBED Tt commented during a meeting that situational

11 California has developed the CA - Local Energy Assurance Planning (LEAP) guide for local governments to utilize in preparedness:
http://www.caleap.org/

12 National Institute 0 f Standards and Technology (NIST) Community Resilience Planning Guide:
https://www.nist.gov/topics/community - resilience/community - resilience - planning - guide

13 State of H a w a Depdrtment of Business, Economic Development & Tourism: http:/dbedt.hawaii.gov/
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awareness of the grid will help with the restoration of critical infrastructure andyti
following a severe weathesvent.

7.2 TRANSMISSION

The transiton o O E A # T [ goidifiior& ifs ©ulirent state tehe future visiondescribed in
this Strategywill entail substantial changes at the bulk system leWéle Companiegdentified
this need as an overall approach to gmedernization andthe related technologies and
action plans arextensivelydiscussed within the December 2016 PSIP.

Operational resiliency anceliability (or system

security), is the ability of the electric system to

withstand disturbances such as electsicort-circuit

faults orthe unanticipated loss of system

components.Frequencysupport is required to

stabilize frequency on the synchronizgrid and to

maintain continuous balancing of generation

resources and customer load by deploying automatic generatesponse functions in
response to frequency deviationgnder pre and postcontingency conditions, system
operators must have the almi to raise or lower generation (or loadither automatically or
manually. Voltage support and shottircuit availability islsorequired to maintain system
level voltages on the grid within established limits to prevent voltage collapgstem
instability, or delayed fault clearing

The Companies plan totegrate large quantities of variable wind and solar itite island
grids, displacing traditional conventional central station generatibiowever, the
decommissioningf conventional generabn alsoresults inthe system los ofvoltage control,
short-circuit availability, inertia, and primary frequency response serviBesause
conventional generatoristoricallyprovided thesegrid servicedor system securityreplacing
these services wh multiple assets will require innovative planning and operations.

The deployment of autonomous resources like IEEEE 7compliant advanced invertersvith
settings appropriate foHawaib, whichare not directly controlled by the utility can potentially
help balance the grid while not compromising system secuty. | A T £ OEA #1101 D
technical strategies for operating reliability are outlinedTiable7.
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Table 7 Strategies for Maintaining Operating Reliability

Current Methods

H Bowv@ur @Qustdimers |G Augast2017

Future Methods

Frequency Support

Voltage
Support/Short-
Circuit Availability

Inertia is the stored rotating energy in a
power system provided by online
synchronous and inductiogeneration
operating atleastat their minimum
power output level.

Primary frequency response (droop) is tt
automatic corrective response of the
system, typically provided by
synchronous generation, to react or
respond to a change in system frequenc

Spinning reserve is typically provided by
synchronous generation that is ready to
ramp up or down in response to a
frequency deviation.

Demand response is the reduction of loz
to balance loss of generation triggered a
a predetermined frequency set poiahd
limited by program participants.

Underfrequency load shed scheme is the
automatic disconnection of blocks of loa
to rebalance the system during a
frequency disturbance.

Reactive powesupply and voltage
control provided by synchronous
generating facilities, excitation systems,
and capacitors.

Protective relay schemes designed to
isolate faults within cycles.

Fault current supplied by synchronous
generators.

Dynamic reactive power cajbdity of
synchronous generators arskbcondary
var controlles.

Synchronous condensers and flywheels to
provide inertia.

Fast frequency respomsresources such as
batteries, flywheels, curtailed B\and wind
energy that can respond in cycles, upward:
by injecting energy into the grid.

Demandresponse resources (with fast
frequency response characteristics) that ce
respond within a specifiedrtie adequate to
correct frequency imbalances. This can
includereductions in load or injection of reg
power from DER aggregated into a
controllable and quantifiable program to
respond to underfrequency events, or a fas
injection of controllable load in sponse to
an overfrequency event.

Autonomous downward response of
inverter-based DER resources configured
with the advanced inverter frequeneyatt
function to respond to an overfrequency
event.

Synchronous condensers to provide reacti
power support andhort-circuit current.
Repurposing deactivated generators as
condensers.

Storage systems such as battery storage,
electric vehicles, flywheels, and thermal
storage to provide quick and flexible energ
sources to stabilize system balancing.

The Companies understand that investment in all of these technologies, systams
solutions cannot occur concurrentiyor are they needed at all points in the grid at this time.
Therefore, this strategy calls for an integrated gpthnning process to 1) identify the

technologies and solutions to address specific issues being encountered on the distribution
grid and 2) coordinate aging infrastructure replacement to utilize equipment compatible with
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grid modernization efforts. Found&inal investments in a DMS and the enabling
telecommunications (discussed in Secti@phwill be approached to enable expansion of both
capabilities and performancever time with prioritized deployment of field devices and
system functionality Ultimately, these foundational investments will allow customers to
interconnect more renewable generation and build toward tieal of100percentrenewable
energy.

7.3 DISTRIBUTON

Modernizing the distributiorsysteminvolves transitioning from théraditional analog
mechanicaldevicesto digital, automated and communicatingsystems This evolution is
underwayas described in SectionrBgardingoperational systems andensingfor example.
Severaladditionalkey technologies are needed in the néarm to advance the distribution
gridto align withA OO OT | AOO8 1 ATAiditxludegxpanding bpatieBaDedntrols
and situational awarenesas described in Section 8.tlms subsectionseveral othekey
technologies hightyht the structural changes needed move from a 1960&ragrid toward an
intelligent, automateddistribution system. Thisncludesdistribution substation automation,
distribution fieldautomation, and integrated voltvar management.

7.3.1 Distribution Substation Automation

SCADA deployment at distribution substations is often seen by utilities as a fundamental and
integral component to grid modernization strategigandthis is especially trugn Hawan. The
insight provided by SCADA systems isrdical communication and visualization platform
providessituational awarenesand automated controls tamprovereliability, resiliencyand
operationalefficiency andlexibility, whichhelp tolower coss for customers SCADAS used

to remotely control circuit breakers at substations to reduce outage duration and improve
operational efficiency. Also, SCAOAormation is used to validate the power informatiaf
individual feeders.

The Companies have indted SCADA to both power plants and transmission substations with
AAOA OOAT OPI OO DPOT OEAAA AU OEA #i1 1 PAT EAOS
microwave, or other wireless solutions. With the increased activity on the distribution system
today, the Companies must continue implementing SCADA to the distribution system for
improved operational efficiency through situational awareness.
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The Companies have implementealistribution SCADADSCADARt many distribution
substations as detailed irFigure20.

Figure 20 Current Status of the Companies 6Distribution SCADA Deployment 114

Distribution Substation Transformers

Without SCADA With SCADA
Hawaiian Electric 51% 49% 237
Maui Electric 67% 33% 61
Hawaii Electric Light 23% 78% 80

However,DSCADA upgrades can be challengigyen tha wide area network (WAN)
communications are required to provide the connectivity between the operational center and
OEA AEOOOEAOOETIT OOAOOAOQOEITT 08 &I O AiT1 OA@Oh
systems utilize fiber, microwave, or other wirskesolutions. Futur®SCADA projects must

also consider the enabling telecommunication infrastructure apprqoashdiscussed further in

SectionO.

The Companiesvill prioritize the distribution substationghat should be upgradedsingthe
proposed proportional approaghvhichconsiders the relative contributions &SCADA

toward customer reliability expectations and the goal of incorporating more renewable
generdion. Deployment and implementation of automation may proceed based on prioritized
substation classes; however, individual substations may be reclassified as the impact of
renewables, reliability, and the customer load mix change priorities over time. fdkxss of
individual business drivers, deployment and implementation of automation is ideally
prioritized at individual substationsvhere the greatest anticipated utility and customer
benefits may be realized. Distribution substatignghere automation povides the fewest
anticipated utility and customer benefifsnay be deferred as a lower priority or not automated
at all.

114 Hawaiian Electric and Maui Electric MECO data pulled from DASIP Final Report 0 October, 2015. Ha w a Ele&tric Light HELCO data
consistent with DASIP and interview with system operations.
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7.3.2 Distribution Field Automation

The Companiegadoption of first generation automation and fault identification has been

effective for oneway power flow However, a new generation of distributiofield automation
OAAETTIT1T CU xEI1 OOAOOAT OEAI lahl pvidenore éfisiendA OO OT | A
grid operations

ThespecificA E £#£2A OAT AA ET OEA AQ@EOOEI ¢ OAAETTIT CU AA
system and the new generation is the level of digital automation, sensing, measureisuaht
communications capability. For examplene keynew component is an intelligent switch
(recloser) fodistributed field automationlintelligent switcheswith overcurrent protection

havethe ability to openandinterrupt a faultbefore the circuit breaker operatethen after a

short delay they close automatically to reenergize the power lineélhisreduces the number of
customers impacted especially since these types iotelligent switchesare typically installed

at the midpoint of a circuitGrid operations are made more efficient byipag an intelligent
switchwith automated switches on ties to adjacent feeders. This enables the feeder to
automatically bisect and restore service to the unaffected half by switching the customers and
associated DER to the adjacent circuit as illustrateBigure21from the DOE5

115.S. DOE, Distribution Automation: Results From the Smart Grid Investment Grant Program, Septem  ber 2016
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Figure 21 Intelligent Switches
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Intelligent switchesinclude power measuremerand peerto-peercommunications
capabilities in addition to fault detection. Tlecapabilities include voltage, current, power
factor, and other important measurements for an increasingly dynamic systatelligent
advancedswitcheslinked to a field communications network with operational controls and
analytics to improve reliabilitys consideredeadingpractice in the industry
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Intelligent switchesalso benefit DER when integrated into a revised grid architecturgcan
improvethe availability and power production of distributed resources. These changes are
achieved by improving the uptime of distribution systems and thereby increasing the time
DERs are available to produce powe€hisboostis criticalbecausehe distributionsystem is
increasingly being used as a means to connect, in the aggregate, a large portion of the
generation portfolio to the transmission system. For these reasons, distribution field
automation is identified as a foundational component to transform thistribution system
from a oneway to a bidirectional system.

These automated field devices can provide additional operational flexibility by reconfiguring
circuits tomaintain DER production and optimally leverage existing infrastructure. For
example, onsider a circuit segment that is heavily loaded and has PV generation that exceeds
its load. This segment is normally connected to a circuit with light loading but high PV
generation, but it also has a tie point to a heavily loaded circuit with low P¥rgéon. Using
automated devices, this segment could be switched to the heavily loaded circuit with low PV
during peak solar production hours and then reconnected to the lightly loaded circuit at other
times. This command could be sent manually via SCAD&utonomously via ®&MS

Implementing this scheme with advanced automation devices helps maximize DER utilization.
In the neaterm, these devices benefihe most problematic circuits in terms dfeir

reliability, as well as benefittinthose circuits wth significant DER adoption.

In addition to direct reliability improvement benefits to customers, this automation also can

reduce the operational expense of field personnel related to faster identification, isolatmh
restoration of outages. The re#is of this analysis are consistent witte $ / %6 O &£Kd AET CO
postzSmart Grid Investment Grant (SGIG) report on distribution automation deployments

under the programntae 117.118

As such, the strategy going forward is to selectively deploy midpoint autochawgtcheson

the most problematicoverheadcircuitsas identified in the proposed integrated grlanning
process. Additional devices are especially useful if a normally open tie point to another circuit is
available, because the fault can be isolated in smaller segments, allowing more customers and
DER to have power restored from the alternate citc@lderswitchesmay be replaced with
advancedntelligent switchesas more demanding operational situations require.

116 American Recovery and Reinvestment Act of 2009, Reliability Improvements from the Application of Distribution Automation
Technologies, Smart Grid Investment Grant Program, December 2012:
https://www.smartgrid.gov/files/Distribution_Reliability_Report_ - _Final.pdf

17 American Recovery and Reinvestment Act of 2009, Smart Grid Investments Improve Grid Reliability, Resilience and Storm
Responses, Smart Grid Investment Grant Program, November 2014: http://energy.gov/oe/downloads/smart - grid - investments -
improve - grid - reliability - resilience - and - storm - responses - november

18 American Recovery and Reinvestment Act of 2009, Fault Location, Isolation, and Service Restoration Technologies Reduce Outage
Impact and Duration, Smart Grid Investment Grant Program, December 2014: https://www.smartgrid.gov/files/B5_draft_report
12- 18- 2014.pdf
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Additionally,where shown to be costffective,automatedswitcheswill be selectively
deployedon those circuitshat havehigh concentation of DER to improve reliability and
operational flexibility thereby increasing thavailability of DERSituational awareness and the
controllability and automation provided byielligent switches not only reduce the number of
customersexperiencingan outagebut also reduce the number of DE&ced offlineby an
outage.Also, these switches cammnprovecircuit hosting capacityby allowingDERto be safely
transferred from one circuit to another dung routine or emergency switchingVithin this
context, drcuits that experience reverse curreanddynamicnetloadsdue to DERare also
candidates for intelligent switches.

7.3.3 Integrated Volt-Var Management

Power quality is an importardimensionof service for customerd’heCompanies have an
objective responsibility to ensure that electricity is delivered with power quadithat is

within established service limits for the customer. One of the key elements of power quality is
to manage the steadystate and transient voltage at the customeite consistent with the
CompaniesTariff Rule No. ZCharacter of Serviceyvhich is similar t&ANSI C84.12 Voltage
variations on circuitsvith highDG-PVadoption, especially on the secondary side of the circuit,
are a significanexistingand growing ssue.

Voltage management involves coordinated control of ba#al (watt)and reactive(var)power
either with grid-side equipment andr customer devices such as inverters associated With
PV andbattery energystorage. Traditional voltage management rieds continue to be
effective solutions, buthey are not always the most cosffective means. Innovation in
advanced power electronics have resulted in custoasrancednverters and gridconnected
var controllersdescribed in Sectiof asGVCsd These advanced power electronic devices
when integrated as part of a holistic distribution voltage syst@an costeffectively manage
steady-state and transient voltage issues that arise from increased customer adoption of
dynamic distributed energy resources, suchlxs-PV.

The Companies are pursuing a strategy that leverages the innovation in power el@stnwith
existing voltage management equipment and incremental traditional techniqassneeded,
to satisfy power quality requirements and improve hosting capacity to enable customer
adoption of DERThe SVC technology has the potential to increase thstimg capacity of
existing circuits in the range of at leasp&rcentup to 40percent,based on theecently
completedpilot projectnoted in SectiorD. The folowing discussion outlines the elements of
this strategy.

119 power quality includes steady - state voltage levels, as well as flicker, harmonics, and transients (rapid single events).

120 American National Standard for Electric Power Systems and Equipment fi Voltage Ratings (60 Hz):
https://lwww.nema.org/Standards/Pages/American - National - Standard - for - Electric - Power- Systems- and - Equipment - Voltage -
Ratings.aspx
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7.3.3.1 Integrated Voltage Management Strategy

Given the results of the T | D A btihpoOadvancedinvertergrid support with NRELz2:

various pilotsand experience to date, the Companies believe the following approach will
AAAOAOGO AOOGOT T AOOGS OAOOGEAA NOAI EOU OANOEOAI Al
effectively.

First, where possible:

E Seek to align aging infrastructure replacement with areé$ER growth to enhance
hosting capacity in addition to the inherent reliability improvements

E Leverage the autonomous functionality afivancednvertersto mitigate voltage
issues and those that may otherwise arise from incred3&dPVadoption, especally
on the secondary side of the distribution circulthis may involve customidesettings
for different distribution circuits or locations on a distribution circuit, improving the
coordinated benefits of the overall voltage management system

E Exhaust dllow-cost options to modify existing infrastructur&or example,
adjustments of load tap changer settings, including load drop compensation, or phase
balancing can be completed on all circuits that are alreaayfitted with sensing
equipment and have @ual field data. Sensing equipment shoulterefore be added to
circuits withoutmonitoring capabilities that ar@earing their hosting capacity.

Second, wheDER used as supply resourceach 10(ercentof the circuit-hosting capacity,
SVCawill be usedo augment theautonomousadvanced invertefunctionality. For those
circuits or sections with insufficient customadvanced invertes installed/upgraded, then
SVCuwill be costeffectively employed as needed to addresmsy remainingvoltage quality
issues.

The SVC solution isdevice connected to the secondary side of a polepadmounted

service transformethat caninjectvarsand can regulate the voltage tightf#0.5% within
control range) locally andr feederwide. The devices are autonomously controlled onceta
point is dispatched via the utility DMS systean SCADA. The assumption is that SVCs will be
deployed at locations identified based on existing or anticipated voltage issues in-ejtiste
solution deployment.

Third, if the above measures other lowcost mitigationsare not sufficient to address the
identified service quality need on selected circuits or sectitimsn traditional upgradesvill be
employed such as reconductoring amdplacingtransformers, to reinforce the distribution
circuit.

121 NREL Hawaiian Electric Advanced Inverter Grid Support Function Laboratory Validation and Analysis, December 2016:
http://www.nrel.gov/docs/fy170sti/67485.pdf
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7.3.3.2 Additional Considerations
The Challenges oAdvanced Inverterimplementation

Although Hawaib interconnectionstandards require certain advanced functionality from
inverters installed after Janugrl, 201822 it will take some time for customers working with
their inverter suppliers to upgrade their inverters. This may create some uncertamhow
best to address identified voltage quality issues on certain circuits or sections during this
transitional phaseThe Companiesecognize the contribution thaddvanced invertescan
makeby interconnecting more customesited rooftop PV systemdhus, the foundation of

recommend and validates the benefits tiie combined activation o¥olt-var (reactive power
priority) with volt-watt and the deactivation ofonstantfixed powerfactors.:22 It should also
be noted that customers are clearly expecting high service qualitg eeliability, whichmay
necessitate alternatives if the implementation aflvanced invertes is slow or stalled.

The Companieslsoanticipate that it may be useful to periodically send coordinationgeint

changes taadvanced invertes. This is expéed to be done through messaging with the

ET OAOOAO 1 AT OEAAOOOAO AleddkystOmsasiogpdserddiite ACGCOACA
Companies directly communicating withe AOOOT | AO8 O ET OAOOAO8 4EEO A
interface and systems needed. Howey if this proves to be unworkab#houldinverter

manufacturers or aggregatorseO1T AAT A O OAIT EAAT U ,thénkh&ybe AOOOT |
necessary to considerdirect communication link to the inverter.

A direct link, howevergreates two potetial issuesThe first is thathere are at leastour

options (recognized by IEEE) foradvanced invertecommunications. This creates challenges

for an aggregator to provide interoperability between these various communications systems.

The second issusthe need fora standardprotocol or specificationsuch as SunSpee). As

with many industry standards, manufacturer implementati@often incompleteor a key

portion is crafted in a proprietary mann#érat complicates the ability to communicate and

control products from different manufacturers

Advanced Inverterintegration With Voltage Management Applications

Integrated voltvarcontrol (IVVC)systemsthat coordinatethe variousgrid-sidepieces of
equipment withadvanced invertes are in their ifancy, and capabilitiesare currently limited.
TheselVVCsystems, thus far, have often been developed completely independently for each

122Hawaiian Electric Companies - Standard Interconnection Agreement:  https://www.hawaiianelectric.com/clean - energy -
hawaii/producing - clean- energy/standard - interconnection

12 NREL Simulation of Hawaiian Electric Companies Feeder Operations with Advanced Inverters and Analysis of Annual Photovoltaic
Energy Curtailment, July 2017

124 |EEE Advanced inverter functions and communication protocols for distribution management:
http://ieeexplore.ieee.org/document/7520035/

125 SunSpec Alliance: http://sunspec.org/
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project or utility customerin some cases, this functionality is incorporated into DERMS, in
other cases as a modulssociated with a DMS to create an advanced distribution
management systemThe Companies are working with vendors to explore this development.
In the neaterm, this does not imped® E A # | | shakelgyiagdésbribed above.

7.4 DERMANAGEMENT

The Demand Rgmnse Management System (DRMS)project involves the purchase,

installation, and configuration of the software platform that is a prerequisite for the successful
implementation of the IDRPP across all three Companies. Installation of a DRMS will allow the
Companies to manage DR resousee and other DER through a single integrated systesn.

The functionality of the DRMS will evolve to a full DER management system (DERMS) to
AAAEI EOAOA OEA OOEI EUAOCEIT 1T &£ OEA #11 PBAT EAOG
power system. At its fullapability, the system will offer the Companies the ability to:

E Connect to DER devices over of variety of different protocols simultaneously using a
single system with common configuration models and administration

E Dispatch device control signals basederents, active online control, or as triggered
by a system operator or EMS.

E Create aggregations of assets based on business rules for targeted dispatch and
monitoring.

E Use a variety of methods to forecast the expected power from loads/generators for use
in planning functions

E Incorporate forecasts, availability, and market commitments, create a schedule for
each asset to manage power levels for future periods

E Define business constraints dictating how DER assets are managed in the system using
asset or prgram constraints, market models, and asssgiecific policies

E Manage or support customer outreach using phone, email, or text to promote
awareness of DER management events

E Calculate baseline consumption relative to event performance to settle compensation
for eventbased programs

E Define each DER asset, including its attributes and constraints relative to delivery of
grid services.

126 See Commission Docket No. 2015 - 0411, Application for Approval to Defer Certain Comp uter Software Development Costs for a
Demand Response Management System (DRMS).

2The term ODR resourceso i n-0811 eappReition isDneloskesof anyN o cust@nterl-Sited DERS, including but not
limited to PV, distributed storage  , and EV.

128 See Commission Docket 2015 - 0412, Application for Approval of Demand Response Program Portfolio Tariff Structure .
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These foundational functions support a number of key use cases, including:

E Event-BasedDemand ResponseUtilities or aggregators can use the rublmsed event
wizard to manually dispatch DER assets according to one or more device control
programs, orthey can integrate the system for automated dispatch of resources from a
ISO/TSO/DSO or utility EMS.

E Market-Centric DERManagement: Usingthe application, operators can accurately
plan the quantity of resource available to be offered at any given time, according to the
i AOEAOG O ODb A Atie Al cdnicreat Qroasdspedio & servicaspecific
forecast, adjusthe forecast for availability (for example, excluding assets not
operational due to maintenance), and validates the forecast against technical
limitations. Operators can then see aggregated assetsilability for capacity, energy,
or ancillary servicesThe system ensures that asset capabilities are qualified for each
service and are not committed to more than one service at a given time.

E Online Optimization and Control : Forassets with online connections, the real time
engine within the application mators the power balance of a group of assets, defined
as acontrol areaTheOOA OA 1T £ O EpbweAldalhnGedd contindicddglyAigdéred
based on asset telemetry data. If the balance deviates from acceptable parameters, the
application automaticallydispatches control signals to adjust DER set points upward or
downward as required. This online control can be used to ensure commitments are
fulfilled, scheduled balance is achieved, and eveased dispatch targets are realized.

E DERAssetManagement: Thesystem provides a flexible data model that can be used
to model the engineering characteristics afi asset as well as the applicable business
constraints. Operators can rely on the system as a system of record for asset status and
historical performances well agor program and market participation.
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7.5 TELECOMMUNICATIONS

Telecommunicationss afundamentalcomponentto enable the othegrid and customer

facing technologies, whicprovide customers with thesafe, secure, reliable, and efficient
operationof a modern electric system.Utility communications networks are typically
deployed in a layered (tiered) mannes illustrated irFigure22. At the highest level, the
operationscenter, power plants, substations, and data centers are interconnected with a wide
area network (WAN). The next layer down is a fesida netwok (FAN)whichcommunicates
between distribution substations and field devigesich as field communication routera/hich

link to a neighborhoodrea network (NAN)whichconnectsintelligent switches, capacitor

banks advanced metersandutility-manageddemand response devicegsuch asvater heaters
andA/C cycling devices.

Figure 22 Tiered Utility Communication Network Structure
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The architectural requirements for the communications solution may be categorized into two
broad types hierarchical and peeto-peer. The first refers to communication traffic flows
between a centralized control center and grid assets located in the fl¢ld.peerto-peer
communication flows are a newer and emerging requirement to support moderrfignictions

to enhance reliability and DER integration and utilization. This capability also enables
applications such as microgri@sd islanding. In this case, the communicating devices located
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in the distribution grid, and at the grid edge, directly passnmunications traffic without the

flow routing through the central operating systems.

Bandwidthrequirements, which are specified in terms of data rate (kilobits per second
kbps) and latency requirements, whiateterminethe time required for a messgg to traverse
the network,vary widely depending on the application and the device that originates the

communication.Figure23shows a range of latency and bandwhdtequirements for a number

of applications and device types.

Figure 23 Bandwidth and Latency Requirements
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In general, each tier of the modern electric grid communications network requires pervasive

data communications at highetata rates and lower latencies than utility communications

networks have provided in the past.

7.5.1 Legacy Telecommunications Infrastructure

11 1T /&£ OEA #11 PATEAOGS PI xAO CAT AOAOGETT OOAOQEI
approximately53percent of the distribution substations are connected using a variety of

solutions for the WAN, mainly consisting of fiber optic point-to-point (PtP) microwave

2 The use of dark fiber onthe Islandof Hawai $iassumed to be included in the dedworkiti on of the
OO _@ maoui Bioctrie 95
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radio, pointtozmulti-point (PtMP) wireless, leased wired, and commercial cellular data
modems.

For the FAN, the Companies have historically deployed sipgigpose telecommunications
systems using various leased, wired, amdeless technology solution® support the limited
number of applications that require communicatior@ver the past fewears, the number of
applications requiring communications, and the associated simylgoose telecom systems,
has grown dramaticallyit has become increasingly challenging to manage this growing
number of disparate telecom systems and maintain a reliabdust and secure network.

NAN peer-to-peer communicatiorbetweendistribution assets does not currently exist.

7.5.2 Strategic Approach for Building Out the Telecommunications Infrastructure

4EA #1 1 PAT E dt@egyfer ledinmuAidations incorporates flexibility with a
logical progression aiargeted deployment
based on grid and customer needs. The
#1 1 PATEAOS OOOAOACEA ABm®OdcdnAEicdins D
communicationss comprised ofwo steps.

N

S»
)
m\
O
C)

Step lutilizes a multipurpose radio frequency

(RF) mesh NAN that is capablegyfd-device

levelpeerto-peer traffic andeverages an open

standard such Wi-SUN to link communicating field devices suchraglligent switchesand
advanced metersas shown irFigure24. With a mesh network, eadrid device or node on the
network is capable of relaying the data from any other node on the network. The data is then
relayed from node to node until the data reaches a data colleetbich then utilizes
commercialcellular @ mmunications backhaul to send the data to the utility baaffice
systems. Additionally, substation WAN deploymeutiil be expanded to incorporate prioritized
distribution substations anavill use leased wiréne or other lowcost options Third-party
aggregated DERuwill utilize their own systemswhich typically leverages thimternet from
customeOBOAT EOAO AT A drbokethekr@t@dnimunkadians to theEDER.
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Figure 24 Hybrid Mesh to Cellular FAN and Substation WAN

Step 2replaces thecommercialcellular backhaul with a FAN connection between the

OO A OO A O Eand tii@ 8ANas illustrated irFigure25. This step would increase the
telecommunication bandwidth to accommodatedditionaldata transfer asnore
communicating devies are deployegit would also reduce latency to enabéfaster response.

Figure 25 Leveraging Substation WAN for FAN  and FAN Backhaul
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7.6 CYBERSECURITY

As smarter energy infrastructure is implemented with increasing connectivity and information
flow internally and with others externally, this also increases the attack surface for any
potential adversary. Recognizing thikis Strategyaddresses the neetb enhance and extend
cyber defenses antb evolve into a proactive deterrence rather than the traditional reactive
defense.

7.6.1 Grid- Side Cybersecurity

The Companiespproach to cybersecurity monsistent withindustry best practicesncluding

the National) T OOEOOOA 1T £ 30AT AAOAO AT A 4AAETTITCUBO
Infrastructure Cybersecuritye, DOEEnergy Sector Cybersecurity Framework Implementation
Guidancet:t DOERisk Management Procegs %0 2 Rigk Management Guides and the

National Association of Regulatory Commissioners (NARUC) primer on cybersesuritgese
frameworksand othersdescribe two fundamental aspects for secugithe gridthat applyto

this Strategy

E ldentifying the threats and developing mitigatiomeasures
E Assessing the level of risk and impact and prioritizing the mitigations appropriately
proportional to the cybetthreat risk

As examples of this twqprong approach,lie NIST frameworkidentify five core risk

mitigation functions, or stageddentify, protect, detect, respond andrecover As the grid is
modernized and integrated, the increased interconnection across the organization increases
the attack surface for any potential adversary. The Companies continue to utilize the
framework best practies and collaborate with numerous departments and agencies to
develop a more proactive advanced threat identification process.

%0 National Ins titute of Standards and Technology (NIST) Framework for Improving Critical Infrastructure Cybersecurity Version 1.0,
February 12, 2014:  https://www.nist.gov/document - 3766

181y.S. DOE, Energy Sector Cyberse curity Framework Implementation Guidance: https://energy.gov/oe/downloads/energy - sector -
cybersecurity - framework - implementation - guidance

1321.S. DOE, Cybersecurity Risk Management Process (RMP):  http://energy.gov/oe/services/cybersecurity/cybersecurity - risk -
management - process - rmp

1% Risk Management i n Practice 8 A Guide for the Electric Sector, EPRI Technical Update, December 2014:
http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?Productld=000 000003002003333

134 Keogh, M. and Thomas, S., Cybersecurity: A Primer for State Utility Regulators, Version 3.0, NARUC - DOE, January 2017:
https://pubs.naruc.org/pub/66D17AE4 - A46 F- B543- 58EF- 68B04E8B180F
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Together, these functions, and the tools and processes émableeach,providea holistic
O A A AkA & A épproachto securethe grid. %0 2 ) Bb@sedoCeEm Figure26is an
example of a holisticisk managemenprocess to develop a cybersecurity strategoadmap

In thisfigure, documents that maybe used to address the risk of operational systemmse noted
in the gray boxes.

Figure 26 EPRIEnterprise Risk Management Process and Strategy Overview 135
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13 From Research to Action: How to Navigate Existing Cyber Security Risk Management Guidance:
http://www.electricenergyonline.com/show_article .php?mag=103&article=840
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7.6.2 DERCybersecurity s

Cybersecurityisincreasinglyrecognized as an
important considerationfor interconnecting DER.
This igparticularly truefor the aggregation of

IEEE 1547 enables, Hoes not directly
specify, cybersecurigyresponsibility

inverters.Cybersecurity requirementareas falls on inverter manufacturers and
essential for DERerviceproviders and device aggregators to establish security for
manufacturersas they are for utilities and aggregated devices.

independent power producersn an integrated
grid, all interconnected resoureceare part of the
cyber footprint.@Dverall system security is only as strong as the weakesyltnkay a weak
link is the integration of DERspecially those used for grid managemené

In a new paper, EPRI summarizes the treatment of cybersecuribeiproposed revision to
IEEE 154%¢ In simple termslEEE 1547 enables, but does not directly specify, cybersecurity.
Instead, gbersecurity is expected to be addressed in the communication networks linked to
DER and inverters. Communications networkslasmmmunications within the DER device
itself arebeyond thescopeof IEEE 154as identified in Figure 2&Inder IEEE 1547,
cybersecurityis not mandated at the local DER interface.

Individual DER

DER with System/

DER Managing Plant Controller

Ent|ty

Figure 28: | EEE 1547E Scope of Communication Applicability

L
=X

Network
L ) \ ’ L )
1 1

Networks Adapters

Out of Scope — Communication Network Specifics In Scope — Local Out of Scope -
DER Interface Internal DER Specifics
w1547 Interface (mandatory) Other Interfaces (optional) weQut of Scope

1% Subsection material adapted from DOE, Modern Distribution Grid Report: Volume IIl, 2017.
187y.S. DOE Modern Distribution Grid Report, Volume IlI, 2017.
138EPRI, IEEE Standard 1547fi Communications and Interoperability, 2017.

¥ W Hawaiian Electric

Maui Electric 100

s A Hawai‘i Electric Light



Moderni zi ng HBRov@ur @Qustdmers |G Auguast2017

The IEERvorking graup believedhe risk associated with onsite manipulation of an individual
DER through its communication interface is only equivalent to the risk that exists if physical
access is gained (e,ghrough the keypad or disconnect switcheBecauseonly one DER is
involved in such casetts impact on power quality and grid reliability is limiteHowever, this
perspectivels very narrowsincemost advancednverters are expected in practice to have one

or more points of aggregation. One point ofjgregation is the interface that the inverter
manufacturers are expected to maintain to monitor performance and provide software

updates to each inverter. A second interface is with DER aggregators that control the
inverter/DER for critical grid services.breach at a single device could be exploited to

Al i pOi i EOA AT AT OEOA 1 AT OEZAAOOOAOGEO AT ATI O AcC
An attack on multiple inverters or DERs through a compromised network could occur either
top-down from the controlling system or botta-up through a compromised device working

back up into an aggregated system. Such an attack on the aggregated devices could have very
significantconsequences for the power systeam well as focustomers As highlighted by

Sandia National Laboratorin itsrecent report:

oOWhen integrated with energy demand manageme
combined technologies significantly increase the attack surface of the national power
grid and opportunity for risk ®0 system oper

This issue already exists since some DER manufactureraggrégatois have connectivity to

large numbers of devicegin some cases, a single inverter manufacturer has aggregated PV
generation greater than the largest conventional generation on the goiEiR manufacturer
andaggregatorinvestment in sensing, contraland communications should be viewed as
complementary to the utilitiedinvestment in core cybephysical grid platform technology. It

is also important to note that mangggregatoO@and md O AAAOOOA OGS AT i1 O E
typically provided over the public OAOT AO AT A OE OiFlocviliredd AOOOT 1 A
communications. This approach to communication is wholly independent of the grid and grid
devices and does not have the reliability, sendgcrlity, and cybersecurity requéd for critical
infrastructure.

139Stamber, K., Kelic, A., Taylor, R., Henry, J., Stamp, J. Distributed Energy Systems: Security Implications of the Grid of the Future,
Sandia National Laboratory, January 2017:  http://prod.sandia.gov/techlib/access - control.cgi/2017/170794.pdf
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As illustrated inFigure27, utility systems and interfaces with edge devices aggregatoisare
secured according to the best practices described in the NARUC PrimmEne same

expectation is required for aggregatedHR/inverters whether by manufacturers or

aggregatos. Today, there is no cybersecurity requirement or oversight on the aggregated
DER/invertersThis is a significant gap and has very material consequences on overall electric
system security as DER adoptibecomes a larggportion of system resources. An attack on a
OET CI A 1 AT O&AAOOOA adirctalledinettdd, forieamdieAcduldOT Al 1
disconnect all inverters and create major system instabgipossiby resulting in an island

wide outage. Cybersecuritystandardsshould be established for DER/inverter managing
systems and networks.

Figure 27 DER Aggregator & Utility Communication/Security Interfaces
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Adapted from SolarCity & Joint CA Utility Presentations at CPUCWorkshop on Jan 24,2017

140Keogh, M. and Thomas, S. Cybersecurity, a Primer for State Utility Regulators Version 3.0, NARUC - DOE. January 2017.
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8 Grid Modernization Roadmap

AEA #1711 PATEAOG COEA i1 AAOT EUAOEITT O1T AAi AP EO
advanced technology investments. This plan is based on the proportional approach discussed

in Section3, which focuse®nthe prioritized deployment of advanced technologies to address
customer needs and valughile providing flexibility to adjust to changing technology and

innovation As such, this ialeastregrets plan to develp the grid neeédin( Ax AEOE

8.1 NEAR TERMROADMAP

In thisStrategy, theinitial deployment phase&overs thenearterm periodof 2018 thraugh

2023. The focusf this first deployment phases to mitigate existing service quality issues that
are arisingn orderto enablecontinued customer adoption of DEBnd to create a grid

platform that allowsDER tobecomean important system resource along wighnid-scale
renewables to achievelawaidd O CI A1 O AU Yol Y8

This platform orientation creates a foundation that is

flexible, interoperableandsecure and accommodates

future innovation.This roadmap also envisions a

coordinated field deployment wh ongoing gridasset

management workio minimize installation costs

where possible. These investments are incremental and

enable the utilization of DER services as ywine

alternativesto traditional infrastructure upgradesAdditionally, customeifacing solutions are
expanded to further engage customers to enable them to directly benefit from modernization
through DER integration and utilization.

In the longeiterm, the strategy is to @ntinue to evolve the grid as a platform spur statewide
economicdevelopment byenabing customer choicestate policy, electrificationof other
sectors and smart communitiesThis will involve éeping pace withthe changing useof the
electric grid by customeyandother users of the grid. The scope and timing of future
investments will be informed by th€3GPprocess discussed in SectidnOngoing
foundational technology imestments in sensing and measurement, communicaticarsd
distribution automation will become the new business as usual and continue to be
proportionally deployedn subsequent phasdsased on prioritized neeulentified through the
proposedC3GP process
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4AEA #1101 PAT EAOG OdpadtibralAnglemedtitionfovebriultigle pEases results
in the most affordable solution for all customef@me cost savingmay be lost in the near
term compared toan immediate systerrwide implementationdue to a redudbn in

economies of scaleHowever, in theecentSmart Grid Foundatioprojectbusiness case
savings related t@conomies of scale didot make for a positive business ca3de

Companies hee selected this alternative@roportionalapproach to align cusimer value and
affordability with identified incremental grid investment3his approacltould also take
advantage of decreasing costs as technology matufesditionally, the sequence of
technology investmentiscussedelowenables the further developmerof the grid
modernization capabilities that have already been deployed.

8.1.1 Customer - Facing Technologies

Customers will have several optioftg havingan alvanced méer installedwith the grid-
sensing and measurememtpabilities described in Sectidhl.1l Meters will be deployed to
customersthat chooseto install distributed generatiorr battery energy storage owho want
to participate in a responsive demand programtariff. Meters will also be availabfer
customers who choose to take advantageaolvanced meter data and capabilities to manage
their electricity usagend asa bellwetheron selected circuits with potential hosting capacity
issues Additionally, advanced metersvill be availabldor new customeiservice requests and
as inventory for replacing oldr failed meters as part of a transition to the new business as
usual.

Theinitial deployment ofadvancedmeters will require installation of related software
systems includinghead-end data collectionsystemandmeter data management system
(MDMS). The Companieplan to explorausinga hosted Software as a Servi@aaSpption for
the headend and MDM&t the beginning given the relatively low meter countantil the
installation of enterprise software is more cesftfective for customergperhapsby 202).
Customerfacing technologywill be implemented concurrent with the MDMS provide
customers access to the information from advanced meters and decsiqport aralytics to
manage their energy bills and choices related to DEREMS for example.

Thesmart meters currently in use in the Smart Grid Foundatiotal phasewill continue to be
used until the results of the telecommunications procurement idgntife solutionfor going
forward. If a differentcommunicationsvendor is selected that is not compatible with the
current metes, they will be replacedvith new, advanced meters.

8.1.2 Sensing & Measurement

Faultedcircuitindicators(FCIswill continue to bedeployedbased on the current strategyl
new FCls witommunicateandbe compatible with the new field communications network.

Distributiontransformermeasurement devicesr line sensorge.g., Grid 20/20will be
installed on thosalistribution secandary systemswith multiple legacy inverterand those
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secondary systemthat have hightransformer loadingfrom DG PV and energy storage acting
as a supply resource

Installation ofadvanced meter deployment and sensing deviea optimize the development
of the RAmeshcommunications network connectivityConcurrently, situational awareness
software will be installetio analyze data for operational us@.single enterprise solutiofor
the Companiesvill be usedand the option of a SaaS kmion for the first few yearsvill be
evaluateduntil a larger number of sensing and advanced meters are depld&gpportinglT
hardware and data management will albe implemented.

8.1.3 Operational Telecommunications

Held operational communicationwill be selected through competitive procurementhe
Companiesanticipate ceployment can begin by 201%heradio frequency RH meshnetwork
is established through a combination of communicatigigd devices advanced meters,
routers, and repeaterghat form the RFmesh. The routers act as the interfa@cess point)
with the commercialcellular service that will be used in the near term to backhaul the
information and datathrough the headend systemA singlenetwork operationscenterwill be
establishedn 20190 manage the deployment andngoing operation and cybersecurity of
this networkon all islands served

8.1.4 Advanced Operational Systems

A dstribution management systeniDMS)andanenhanced outage management system
(OMS)to supportthe operatingcompanies will be installed by early 202Zhe Companies may
select a bundled solution called advanced distribution management syste(ADMS) that
includes the DMS, OM&ndvolt-var management functionalityComplementary to an ADMS,
operational analyticsoftware will be implementedh 20190 supportoperational decision
making, monitoring the performance of the distribution grid and the field communications
network. The operational systems represented by an ADMS,, &8 various data sources that
will be available require a unifying froi®@nd decision support analytics and system monitoring
interface for the grid operatorsThese commercially available software solutions were
developed and adopted by utilities over the past decade to address the negwwde robust
analytics for a range of operational data sources as wet asldress the operational
technology (Olzinformation technology (IT) interfaces that occur with the overlay of
communications networks on the physical grid.

The combination olan ADMS with operational analytics allovisr the creation ofa geospatial
electrical network connectivitynodel that contains grid asset detailphysical data),
configuration information, customer and DER connedly details, and electrical network
information (connectivity data}o accuratdy depictthe current state of the distribution
system.This also enables state estimation across the distribution system. State estimiation
the prediction of all voltages ancurrents in the system, froractual meaurements.
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As part of thisStrategy, distribution operations cente(DOC)hardwaretechnology to support
grid operator utilization of the information and controls will be deployed each operating
company. SupportingenterpriselT hardware and data managhent will also be implemented.
At the enterprise level,ustomerfacing technology teenhance atagereporting and
information will be implemented concurrently with tilseoperational systems.

These advanced operational systems enable the Companies toowepcustomer reliability
and service experience as well as improve operational efficiency and monitor for certain
cybersecurity threats.

8.1.5 Distribution Field Automation

Intelligent switcheghat communicate with the selected field communicationdl be

deployed beginning in 2018n the overheaddistribution circuits most problematia terms of
susceptibility to outagesAlso, those circuitsvith reverse current flows and dynamic net
loading due taDER wilkalso be considered for intelligent switch&simprove operational
flexibility andenhance reliability. A midpoinntelligent switchand a backie switchmay be
installed in pairs on each identified circulin initialintelligent switchdeployment in 2019 and
2020 will focus primarily on outage imprement, followed in 2021 and beyorly a
combination of reliability improvemergand increasing operational flexibility for use of export
DER.

8.1.6 Volt- Var Management

Starting in 2018secondary var controllerwill be deployed on those distribution secongar
systems that are experiencing voltage violations that are first addressable through
adjustment of existing load taphanges, phase rebalancing, or other lowecost options This
is expected tanvolvea subsebf those circuits with significant DE&Joption. Advanced
inverter functiors may reducethe need forvar controllersvhen autonomous inverter
functionsstart to establish a critical mass

8.1.7 Data Management

The various grid modernization systems and data sources identified irstragegywill need
two basic supporting functionglata integration and data storage.

Data integration involves three aspects:

E Integrating various data sources and systems via standardized interfaces (API) using
web services

E Data orchestration to enable data traffiebveen sources and systems at the right
time.

E Movement and monitoring of bulk data, such advancedmeter reads.
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In this case, the Companies will leverage the existing enterprise service bus to provide data
integration. Given the planned implementation @iperating systems and initial phase of

device deployment, the complexity of system integration will be simpler than that identified in
the Smart Grid Foundation project.

Data storage for grid modernization involves both historical data in a data warehandeeal

time operational data in a data historiaithe Companies will explore the use of a cloud based
data warehouse for new historical data in a hybrid configuration with related existing data sets
(i.e., customer and asset) in existing databases. Jihe of the data warehouse is anticipated
initially to be much smaller than the Smart Grid Foundation project proposal due to the lower
number of meters and other intelligent devicd?eattime data will require expanding the

#1 1 DPAT EAOS A aiihiEwaSnothpéridithe Siaatt Giid Foundation project
scope. Again, due to a streamlined implementation of the operating systems, the system
integration costs associated with related data storage is expected to be lower than estimated
for the SmartGrid Foundation project.

8.1.8 Summary

Table8 summarizesthe conceptual deployment for enterprise systems and field deployments
for each operating company in the ne@rm. The associated nederm costeffectiveness
method discussed iection 4 is also identified.

Table 8 Conceptual Near - Term Deployment of Enterprise Systems and Field Deployments by Operating
Company

Advanced Meters 92,000 20,000 52,000 Policy
Head End & MDMS 1 Policy
FCI 1 1,300 500 400 SS&C
Grid 20/20 3,200 1,100 900 Policy
Intelligent Switches 220 16 60 SS&C
Telecom Mesh Devices 230 50 130 SS&C
Secondary Var Controllers 1600 600 400 Policy
Operational Analytics 1 SS&C
DMS 1 SS&C
OMS 1 SS&C
VVO 1 Policy
Data Management 1 Policy
NOC 1 SS&C
DOC 1 1 1 SS&C

Based on the descriptions abovéiet sequence and timing of these investments is summarized
in Figure28. Ongoing physical infrastructure replacement as well as distribution substation
automation (SCADA) deploymentill continue,enabled by expandinthe wide aea network
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as part ofongoingasset managemenprograms As part of a distribution automation effort,
intelligent switches and lateral protectionill begin in 2018 and continue as opportunities to
enhance reliability are identified and old fuses are repthwith new lateral protection devices.
Additionally, FCls and Gr2D/20swill continue to be deployed where needéalenhance
sensing and measurementUpon Commission approval of a subsequent Grid Modernization
application (and related procurements),dtdeployment of meteraind associated customer
facing technologiesan operationalcommunication network along with data management
and newadvancedoperating systems can begin.

Figure 28: Near- Term Grid Modernization Roadmap

Customer Facing Technology
Volt-var Management

Distribution Automation

Adv. Operational Systems
Sensing & Measurement
Operational Communications

Distribution Substation Automation

Grid Modernization Projects

Existing
Programs

Wide Area Network
Physical Infrastructure Replacement
- : : : : : —

2018 2019 2020 2021 2022 2023

8.2 IMPLEMENTATION RISKS

ThisStrategyis based on the adoption of new grid technologies to improve reliability and
resiliency ando integrate and utilize DER. Adoption of new technologies a@meluse of DER

as nonwires alternatives may pose certain riskatlare recognized and summarized below.
These are offered not as barriers to implementation but ratagprudent aspects to consider

in implementation planning. As such, these risks and potential mitigations will be addressed in
OEA #1 1 PAT E AdétailedinipleraehtitiGniplar® and applications.

8.2.1 Grid & Customer - Facing Technology Deployment

Interoperability of grid technologies is a key architectural dimension of $triategy.
Interoperability allows a more modular approach to technology investments and integration
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both on gridfacing technologies as well as with interfaces to DER technologies and service
providers. Several new interoperability standards, such asSWN, IEEE547, IEEE 2030&nd
SunSpec, will play an important role in the near and longer term. However, the standards are
just emerging andfull interoperability may not occur until the end tfis initial six-year

period.

Additionally, the risks associated with immatureechnologyand the related challengesf
integration to other operational gstems mustbe consideredThe data flowng across multiple
systems is exponentially greater in grid modernization thiaa traditional AMI projectThis
higher amount of datalso highlights tle challengesof achievingthe quality of data andthe
consistent formattingnecessaryor systemsto share data. Unfortunately, many technology
firms (grid and DERimplement proprietarydata formatsinstead ofstandardsbasedformats,
whichmay create implementation issue§.he Companies intend to adopipen
interoperability standards and will address the immaturity riskghe procurement and
implementation plans

The cost estimates in thiStrategyare concepual Z providing highlevel directional

information. They are not a substitute for detailed cost estimates that will be provided in the
subsequent grid modernizatioprogramapplication. They arehoweverbased on credible
information from past Smart Grifoundation procurements and industry references.
Differences may result between the conceptual numbers for individual investment categories
and actual funding requesin an application or rate case. This is becathsescopeof this
Strategy is differentthan the Smart Grid Foundation projed¥iultiple factors affect this

change in scope, including thaeveral technologies hawevolved,the deployment approach is
different, technologysuppliers have changednd newprocurements will be conducted.

Finaly, this strategy is based on aligning targeted deployment to customer and policy needs.
This alignment will be accomplished through tB8GP process. However, it is very possible

that timing mismatctesmay occur, both potentially deploying earlier thaneded and a little

behind what is needed. Such situations are to be expected when customer decisions drive need
andhappen faster than the deployment process. Engagement with stakeholders and data
sharing in the planning process is expected to help nartoevtiming risks. Also, the timing of
investments will need to consider the time for funding approvals through applicalgielatory
processes for a G.O. 7, general rate ¢asel/or other appropriate application to the

Commission

8.2.2 Third - Party - Facing Consid erations

This Srategy highlights the need for improved visibility, and operational coordination and
controllability of DER devices through aggregators and directly under abnormal conditions.
These considerations aessential as DER continsi® grow in ggnificance as a supply

resource for all customers. This places greater responsibility on DER technology suppliers and
serviceprovidersto meet grid operational standardaslarge-scale independent power
producersdo. Thisresponsibilityincludes providing planning and operational information to
support reliable and economic operation of the power system. It also includes maintaining
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cybersecuredevices and operational systems to recognized standards as discussed in the

recent Sandia Natioal Laboratory report on DER cybersecurity. The Companies encourage

OAAET EAAl x1 OEET C CcOiI OPO O1T AAO OEA #1 i1 EOOEII
proactively.

8.3 CONCEPTUAL COST ESTIMATE FOR NEAR TERM ROADMAP

Conceptuakost estimates for the grid moderization projects identifiedn Figure28are
summarizedn Table9. These poposed technology costs are incremental to existing
expenditures by the CompanieBor instance, distributed resource management is covered by
the Demand Respons®lanagement System (in Docket No. 200811), and widarea

network deployment to the substabin is part of an existing program to replace substation
switchgearsThese estimates are conceptual in nature and will be refined through project
engineering, detailed requirements, and competitive procuremetiisingthe nearterm

period. As such, thesestimates are directional onlyit should be noted that softwarbased
systems will likely incur ongoing annual maintenance fees that range from 10 to 15 percent of
their initial cost.Ongoing operational expenses will be estimated and included in subsequent
application(s) that are submitted to the Commissidrhis industryleading strategy should
provide the Companies withrospectsto pursueexternalfunding opportunities.

Table 9 Conceptual Capital and Software Cost Estimate for Near - Term Investments

Investment Category

(in millions) 2018 2019 2021 2022 2023 Total
CustomerFacing Technology $1.3 $22.5 $21.0 $31.9 $7.7 $8.6 $93.0

Sensing and Measurement $2.0 $2.0 %20 $2.0 $2.0 $2.0 $12.0

Operational Communications - $16 %16 $1.6 $1.6 $1.6 $8.0
Adv. Operational Systems - $17.7 - $246 $8.7 - $51.0
Distribution Automation - $1.8 $45 $4.9 $49 $49 $21.0
Volt-Var Management $3.2| $3.2 $3.2 $4.0 $3.2  $3.2) $200

Over the first ten years, the $20billion program will result in an estimated average bill impact
of $0.94/month, $2.07/month, and $1.93/month O0@hu, Hawai Island, and MauCounty
respectively.

141 K, Stamber, et al, Distributed Energy Systems: Security Implicatio ns of the Grid of the Future, Sandia National Laboratory, January
2017: http://prod.sandia.gov/techlib/access - control.cgi/2017/170794.pdf
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8.4 ALTERNATIVES

In the December 2016 PSIRppendix Nthe Companies outlined the alternatives to address
DER integration and utilization dhe distribution level This comparison has been expanded to
assess an enhanced businessusual approacliWires) and a technologgentric approach

(Grid Mod).

Themoretraditional Wires case assumes DER integration and utilization will continue to
require distribution circuit reconductoringervice transformer replacementand line
regulators as identified in the PSIP. The Wires case, in this comparison, is enhaticed w
customerfacing technologies, sensing and measurement, telecommunications, distribution
automation, and operational systems.

In contrast, he Grid Mod case assumte use of advanced technologies instead of traditional
wires.For example an integrated volt-var management solution leveraging advanced

ET OAOOAOOS AOOI T 111 Bebseda®éndbe DER irfegratign. Seled@E i AOE |
physical upgrades may be required if technology solutions cannot meet the engineering need.

This case also incled the same customefiacing technologies, sensing and measurement,
telecommunications, distribution automatiorand operational systems as the Wires case.

Table 10 Grid Issues With Traditional Wires and Alternative Grid Modernization Approaches

Issue Wires Grid Mod

Customer Engagement Advanced metering Advanced metering

Connectivity NAN andcellular kackhaul NAN andcellular backhaul

Situational Awareness FCl distribution transformer FCl distribution transformer
monitor equipment situational monitor equipment situational
awareness softwarglata awareness software, data
management management

Operations Management DMS, OMS, DOC DMS, OMS, DOC

Operational Flexibility Reconfiguation ofcircuit Intelligentswitches (ecloser3
New circuitand/orsubstation Selective physical upgrades
transformer
Voltage regulator installation Secondaryar controllersyolt-var

management software
Voltage Qualit Distribution transformer and
9 y secondary conductor upgrades Leverageof advanced inverters

Selective physical upgrades

v Hawaiian Electric

H—’ Maui Electric 111

s A Hawai‘i Electric Light



Moderni zi ng HBRov@ur @Qustdmers |G Auguast2017

The customer benefit of a grid modernization strategy versus an enhabasthessas-usual
strategyis summarized in the difference in the conceptual cost estimates for each alternative
depictedin Figure29. Thisfigure adapts the conceptual Wires estimate in the PSIP to that of
the conceptual grid modernization estimate above aligned to the same time period. The Grid
Mod alternative includes a small amount for the selective physical upgrades to create an
OAPDPI AO Oi A b Bdsell rithiskdmpdidoMik Sratégpis more costeffective

than the Wires alternative byl21million in the near term and mora the longerterm. This
reduction improves the overall costenefit of DER for all customevghile enabling greater
customer adoption of DER and largeale renewables towardawaiid gdal of100percent
renewables

Figure 29 Comparison of Wires and Grid Mod Alternatives (2018 - 2023)
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8.5 NEXT STEPS

We willrefocusourgrid modernization prograta align with thisStrategy

AEA #1101 DPATEAOS AQEOOEI ¢ GCOEA i1 Athtegyand ACET T AA
expanded tanclude the broader scope. This includesvdlopment of detailed engineering

requirements, project planning, competitive technology selectipasdthe related cost

estimatesthat are needed to advance applications for funding and organize a program

approach to manage the execution of the neterm roadmap.

We willprepare an applicatigs)to execute the nedgerm roadmap

From the onset of thiStrategy, customers and stakeholders have provided useful and
thoughtful input, which the Companies have incorporated into both iterations of 8tiategy.
As such, the Companies intend to file an applicatiathin the first quarter of 201& request
approval b commit fundsfor a grid modernization program that meetsistomergneeds.The
#1 1 B A hearde®rbgrid modernization program will provide immediate value through
enabling, among other things, additional DER integration, a robust demand response
program, time-of-use options, and electric vehicle adoption.

The application to commit funds is expected to include elementheiearterm technology
deploymentidentified inSection8.1, includingadvanced meters, field communications,
relatedhead-endsystem DOC and NOCThe application is also expected to include

enterprise softwaresuch asMDMS,operational analyticsDMS, OMS, V¥, anddata

management Additional fundingmay be requestedor incremental intelligent swithes

lateral protection,andsecondary var controller®r each operating companysome

technologies, such as grid sensing, may continue under existing programs within base capital
expenditures.

The Companiesvill present to the Commission an application that details the cost, schedule,
and scope of the proposed grid modernization prograntluding a discussion of the state of
technologies available today and the alternatives considef@dngstent with this Strategy,

the application will be structured to seek funds to deploy technologies thatdependent on
customer adoption

1 O OEA #1 11 E Qvedtelpiega@d téngageisfakeEoldédha technical working
group on data sharirfgeginning in @ 2018

The Companies are prepared to conduct facilitated stakehottiscussions on data sharing for

DI ATTEITC ATA TPAOAOGEI T O O1 AAO OE Mntewdeditd EOOET 1 6
enable consensusn commonground assumptions andlentification of any residual issues,

should support related activity in multiple regulatory proceedings. Kisl of stakeholder

engagement ha®ccurredin both California and New Yorkndthe Companiesnticipate the

same inHawai. The Companies wodlengageNewport Consulting and EnerNex to facilitate

these stakeholder discussions on data.
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We willfile a proposeuhtegrated grieblanning procedsy March 12018

Consistentwith the# T | | E O OE 1 34a®&- andddisCussion in Sectios, by March 1,
2018,the Companiewill file areport that details thentegrated gridplanning(C3GP)approach
and schedule for the next round of resource planning.

142 See Commission Docket No. 2014 - 0183 Decision and Order No. 34696, July 14, 2017:

http://dms.puc.hawaii.gov/dms/OpenDo cServlet?RT=&document_id=91+3+ICM4+LSDB15+PC_DocketReport59+26+A1001001A
17G17A92524E0040418+A17G17B41645B700751+14+1960
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Appendix A:  Acronyms and
Glossary of Terms

An acronym list anglossarytable is provided below for industry and technology terms
leveraging the glossary used by tb®OE DSPx efforts

Table A 1 Acronym List

Acronym Definition

ADMS Advanced Distribution Management Systems

AMI Advanced Metering Infrastructure

CGP Comprehensive, Customefocused, and Cooperative Grid Planni
CPI Critical peak incentives

DER Distributed Energy Resources

DERMS | Distributed Energy Resource Management System

DMS Distribution Management System
DOE U.S. Departmentof Energy
DR Demand Response

DRMS Demand Response Management System
DSCADA | Distribution Supervisory Contradnd Data Acquisition
EMS Energy Management System

EoT Electrification of Transportation

43 DOE & Office of Electricity Delivery & Energy Reliability: Next Generation Distribution System Platform (DSPx) Modern Distribution
Grid, Volume 1: Customer and State Policy Driven Functionality Version 1.1 March 23, 2017 http://doe - dspx.orgiwp -
content/uploads/2017/03/Modern - Distribution - Grid_Volume - 1_03232017v1.1.pdf
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Acronym Definition
EPRI Electric Power Research Institute

EV Electric Vehicle

FAN Field Area Network

FFR Fast frequency response

HNEI HawaidNatural Energy Institute

IDRPP IntegratedDemand Response Portfolio Plan
IEEE Institute of Electricaland Electronics Engineers
IT Information Technology

IVvvC IntegratedVolt-Var Control

kW Kilowatt

MW Megawatt

NAN Neighborhood Area Network

NERC North American Ectric ReliabilityCorporation
NIST TheNational Instituteof Standardsand Technology
NREL National Renewable Energy Laboratory

OMS Outage Management System

oT Operating Technology

PNNL Pacific Northwest National Lab

PtMP Pointto Multi-Point

PtP Pointto Point

RF Radio Frequency

RFI Requestfor Information

RFP Requesffor Proposals

TRP RealTime-Pricing

RPS Renewable Portfolio Standard
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Acronym

SaaS
SCADA
T&D
TOU

WAN

Table A 2 Glossary

Term
Advanced Distribution

Management Systems
(ADMS)

Advanced Inverters

Advanced Metering
Infrastructure (AMI)

Advanced Meters

CAIDI (Customer
Average Interruption
Duration Index)

Conservation Voltage

Reduction (CVR)

Customer Information
System (CIS)

Moderni zing
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Definition
Softwareasa Service
Supervisory Contrand Data Acquisition
Transmissiorand Distribution
Time of Useaates

Wide Area Network

Description

Software platforms that integrate numerous operational systems, provide
automated outage restorationand optimize distribution grid performance. ADMS
components and functions can include distribution management system (DMS);
demand response management system (DRMS); automated fault location, isolat
and service restoration (FLISR); conservation volteggiction (CVR); and veltar
optimization (VVO).

Inverters for converting between Direct Current (DC) and Alternating Current (AC
with Hawaibspecific IEEE 1547 compliant (when available) voltage control from v
varand voltwatt functions and greater resiliency during voltage or frequency
deviations with visibility into distribution system conditions via data collection. Thi
inverters would operate autonomously.

Typically refers to the filimeasurement and collection system that includes meters
at the customer site, communication networks between the customer and a servi
provider, such as an electric, gas, or water utility, and head data reception and
management systems that make thieformation available to the service provider. Ii
is also referred to asneadvanced meter system.

Meters capable of twawvay communication, advanced power measurement,
computing platform, outage and service quality information, senseétch.

If a customer experienced an outage during the year, the average length of time
customer was out of power, in hours.

An operating strategy of the equipemt and control system used for VVO that
reduces energy and peak demand by managing voltage at the lower part of the
required range.

The repository of customer data required for billing and collection purposes. CIS
used to produce bills from rate or pricing information and usage determinants fro
meter data collection systems and/or manual processes.

-v—wv—
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Term Description

Customer Relationship
Management (CRM)

Demand Response
Management System
(DRMS)

DER Aggregator

Distributed Energy
Resource Management
System (DERMS)

Distributed Energy
Resources (DERS)

Distribution
Management System
(DMS)

Distribution Operations
Center (DOC)

Distribution SCADA
(DSCADA)

A system that provides tools for documenting and tracking all customer interas.
CRM also provides analytical tools to track and adjust marketing campaigns, fore
participation rates, and move customers from potential participants to fully engag
customers.

A software solution usetb administer and operationalize DR aggregations and
programs. Building on a legacy of telephone calls requesting load reduction, DRI
uses a onavay or tweway communication link to effect control over and gather
information from enrolled systems, inclualj some commercial and industrial loads
and residential devices such as pool pumps, air conditioners and water heaters.
DRMS allows DR capacity to be scaled in a-effgtctive manner by automating the
manual events that are typically used to execute Merds, as well as most aspects
of settlement.

Third party service working with customers to aggregate resources and provide g
services

AsoftwareAAOAA O1T 1 OOEI T OEAO -tilnk ishilyAiriokte A
status of DER, and allows for the heightened level of control and flexibility neces:
to optimize DER and distribution grid operation. A DERMS can also be used to
monitor and control DER aggregations, forecast DER capability, and communica
with other enterprise systems and DER aggregators.

Includes distributed generation resources, distributed energy storage, demand
response, energegfficiency and electric vehicles that are connected to the electric
distribution power grid and behinthe-i AOAO AO A AOOOIT i AO¢

An operational system capable of collecting, organizing, displaying,aaradyzing
reaktime or near reatime electric distribution system information. A DMS can alsc
allow operators to plan and execute complex distribution system operations to
increase system efficiency, optimize power flows, and prevent overloads. A DMS
interface with other operations applications, such as GIS, OMS, and Customer
Information System (CIS) to create an integrated view of distribution operations.

A DOC is the physical location for distribution operatarsriterface with
management systems like DMS, OMS, GIS and DERMS in order to manage the
distribution system with situational awareness data and substation and distributic
automation technologies.

The application of supervisogontrol and data acquisition software to the
distribution grid. SCADA is defined below.

Hawaiian Electric
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Term

Distribution System

Energy Management
System (EMS)

Fault Location, Isolation

and Service Restoration

(FLISR)

Fault Current Indicators

Field Area Network

Geographic Information
System (GIS)

Global Positioning
System (GPS)

Grid Architecture

Hawaiian Electric
Companies (Companies)

Integrated Grid

Description

The portion of the electric system that is composed of medium voltage (69 kV to
kV)subtransmission lines, substations, feeders, and relagedipment that
transport the electricity commodity to and from customer homes and businesses
that link customers to the higivoltage transmission system. The distribution syste|
includes all the components of the cybphysical distribution grid as repsented by
the information, telecommunication and operational technologies needed to supf
OAT EAAT A T PAOAOGETT jAT 11 AAOCEOAI U OEA
infrastructure comprised of transformers, wires, switches and other appar@igs
OPEUOEAAI 6 Al i bpilTAI OQs

A system to monitor, control, and optimize the performance of the transmission
system and in some cases primary distribution substations. The EMS is the
OOAT Oi EOOET T OUOOAI 60 AT Al1T ¢ O OEA

Includes the automatic sectionalizing, restoration and reconfiguration of circuits.
These applications accomplish distribution automation operations by coordinating
operation of field devices, softare, and dedicated communications networks to
automatically determine the location of a fault, and rapidly reconfigure the flow of
electricity so that some or all customers can avoid experiencing outages. FLISR
also be known as Fault Detection, Isotatiand Restoration (FDIR).

Field devices that sense fault current to help determine the location of a fault anc
with communications capability.

The second level of a tiered utility communications structoomnecting distribution
substations and field devices such as field routers

A software system that maintains a database of grid assets, including transmissit
and distribution equipment, and their geographic locatidiesenable presentation of
the electric power system or portions of it on a map. GIS may also serve as the
system of record for electrical connectivity of the assets.

A system of satellites and receivers that determines plosition (latitude, longitude
and altitude) of a receiver on Earth. GPS is also used as a source of precision tin
signals for device synchronization.

The application of system architecture, network theory, and control theory to the
electric power grid.

(AxAEEAT %l AAOOEA #IIDATUEHﬂh'@ ( A
#1711 DAT Uh )& A®l ARGAEME ECEO6Q AT A -A"
%l AAOOEA6Qq AOCOAORTI EABADE OAD UO OAEADEMAIA

Companiesd

An electric grid with interconnected DERSs that are actively integrated into
distribution and bulk power system planning and operations to realize net custorr
and societal begfits.
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Term

Internet of Things (loT)

Internet Protocol (IP)

Inverter

Local Distribution Area
(LDA)

MAIFI (Momentary
Average Interruption
Frequency Index)

Markets

Microgrid

Microgrid Interface

Microwave Radio
Communications

Moderni zing
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Description

The network of physical objects (@hingsd) embedded with electronics, software,
sensors, and connectivity that enables the object to achieve greater value and se
by exchanging data with operators, aggregators andstiter connected devices.
Each object has a unique identifier in its embedded computing system but can
interoperate within the existing Internet infrastructure.

Packet Communication uses IP digital protocol to handle datzanable length
packets that are routed digitally to their destinations asynchronously rather than
making a fixed circuit connection or relying on fixed time intervals.

A device for transitioning Direct Current (DC) to Alternating Current (AC).

Consists of all the distribution facilities and connected DERs and customers belo
single transmissiofdistribution (T-D) interface on the transmission grid. Each LDA
not normally electrically connected to the facilitieglow another TD interface
except through the transmission grid. However, to improve reliability, open ties
between substations at the distribution level exist.

The average number of outagesastomer experienced during the year that are
restored within five minutes.

Referred to generically in this strategy include any of three types of energy marke
wholesale power supply (including demand response), distribution services, and
customer energy services. Markets for sourcing +vanes alternatives for
distribution may employ one of three general structures: prices (e.g., spot market
prices based on bitdased auctions, or tariffs with timdifferentiated prices
including dynamigrices); programs (e.g., for energy efficiency and demand
response) or procurements (e.g., request for proposals/offers, bilateral contracts
as power purchase agreements).

A group of interconnected loads and DERs within clearly definedridat
boundaries that acts as a single controllable entity with respect to the grid. A
microgrid can connect and disconnect from the grid to enable it to operate in bott
grid-connected or island modes.

The set of power electronics #te Point Of Interconnection (POI) between the
OEOCKAAI A6 DI OOEI T O T £# A COEAR AT A OE!f
essential microgrid functions of islanding and reconnection. The microgrid interfa
may also have the capability to providervices to the macro grid including velar
control. As services are dropped from the distribution grid side of the
interconnection, the microgrid interconnect disconnects, and the microgrid
continues to provide service to critical loads in the islandezh.

High frequency radio systems that may be petotpoint or pointto-multipoint
systems. They are widely used for substation and SCADA communications.
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Term Description
Neighborhood Area The third level of a tiered utility comumication structure that connectisitelligent
Network switches, capacitor banks, advanced meters, and utility managed demand respo

devices such as A/C cycling devices.

Net Benefits Expenditures that are not required for Standards and Safety ComplianBely
Compliance, but would provide positive net benefits for customers.

Net Load Net Load is the load measured at a point on the electric system resulting from gr
energy consumption and production (i.e., energy generation and storage dischar
Netload is often measured at aD interface and at customer connections.

Optical Fiber Optical fiber systems are capable of very high bandwidths and form the backbon:
communication systems | high capacity communication systems sending data via modulatgut lihrough a
transparent glass or plastic fiber

Outage Management An OMS utilizes multiple inputs including grid monitoring devices (including

System (OMS) advanced meters and line sensors), and customer reports (including telephone ¢
and sociamedia posts) to quickly identify outages. Integrating an OMS with other
systems like a customer information system can help determine the number of
customers affected by an outage and a GIS interface can help identify the likely
geographic location of theoot cause of an outage.

Peerto-Peer A network service or standalone capability that permits two devices to communic

Communication (P2P) with one another. As a network service, the central part of the system responds t
request by providing each dee the information and resource necessary to establi
direct communication. As a standalone capability, P2P becomes synonymous wi
point-to-point and is a dedicated channel between devices.

Policy Compliance Expenditures that are needed to comply wiltate policy goals like the renewable
portfolio standard, or direction to interconnect and enable customer adoption of
DER.

Reclosers Electromechanical devices that can react to a short circuit by interrupting electric

flow and automaticallyreconnecting it a short time later. Reclosers function as circ
breakers on the feeder circuit and are located throughout the distribution system
prevent a temporary fault from causing an outage.

Reliability Metrics Reliability Metrics are used to ssss the operational performance of the distributior
system in terms of reliability and resilience.

Remote Intelligent Sectionalizing and tie switches that enable shifting portions of one circuit to anott
Switch (Reclosers) for maintenance and outageestoration.

SAIDI (System Average @ The total duration of interruptions for the average customer during a given time

Interruption Duration period. SAIDI is normally calculated on either monthly or yearly basis; however, i
Index) also be calculatedaily, or for any other time period.
OO —_@ vouitioctrie Appendix A Page 7 of 9

4~ Hawai‘i Electric Light



Moderni zi ng HBRov@ur @Qustdmers |G Auguast2017

Term Description

SAIFI (System Average | The average number of outages a customer experienced during a year.
Interruption Frequency

Index)

Satellite Radio One of the services provided by the more than 2,000 camivation satellites in

Frequency orbit around the Earth. Satellites have the advantage of unobstructed coverage

Communications requiring only a suitable ground station. Satellite radio is used in remote locations
where the construction of radio towers or other labdsed infrastucture is cost
prohibitive.

Secondary Var SVCs use power electronibased, fastacting, decentralized shuntar technology

Controllers (SVG) £l O O1 1 OACA OAcCOlI AGET 1T 8 [/ OE A Oat thelticAitO
level. They can also provide system monitoring capability if a telecommunication
path is available.

Self-Supporting Expenditures incurred for a specific customer (e.g., interconnection), with costs

directly assigned to those specific custers.

Situational Awareness | A software system that provides retime visibility to grid and telecommunications
network operations and operational data analysis for decision support

Smart Meter For the purposes of this Strategy, smart metersdaployed in the Smart Grid
&1 01 AAOGEITT DOI EAAOSO ET EOEAI DBEAOAnN
advanced meters.

Standards and Safety Grid expenditures required to ensure reliable operations, or comply with service
Compliance quality and safetystandards

Substation Automation = Utilizing data from SCADA and other Intelligent electronic devices (IED) in
combination with substation automation and control capabilities to manage
substation operations.

Supervisory Control and | A system of remote control and telemetry used to monitor and control the
Data Acquisition transmission system and substation automation.
(SCADA)

SynchronousCondenser = A conventional synchronous generator whose shaft is not connected to a prime
mover (e.g. steam turbineput spins freely. Synchronous condensers are used to
provide voltage support (through control of the machine exciter) and can supply
short-circuit current to the connected system.

System Frequency Alternating Current (AC) follows a sinusoidal waveformthe U.S. IEEE 1547
specifies a desired waveform frequency of 60 Hz.

System Inertia Inertial Response is a property of large synchronous generators, which contain I
synchronous rotating masses, and act to overcome the-tieaé imbalance between
power supply and demand for electric power systems.

OO @ MauiElctrie Appendix A Page 8 of 9
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Term Description

Transactive Energy Transactive Energy is defined by techniques for managing the generation,
consumption or flow of electric power within an electric power system through the
use of economic or markdtasedconstructs while considering grid reliability
constraints. Transactive energy refers to the use of a combination of economic a
control techniques to manage grid reliability and efficiency.

Transmission and Electricity grid transporting and delivering energy from centgall scale generation
Distribution (T&D) to customers.

Transmission TransmissiorDistribution interface (¥D interface) is the physical point at which the
Distribution interface transmission gstem and distribution system interconnect. This point is often the
(T-D interface) demarcation between federal and state regulatory jurisdiction. It is also a referen

point for electric system planning, scheduling of power and, in ISO and RTO mar
the reference pait for determining Locational Marginal Prices (LMP) of wholesale
energy.

Var Var is the standard abbreviation for vaimpereOAAAOEOAh x OEOO#
when electric power is delivered to an inductive load such as a motor

Wide Area Network The highest level of a tiered utility communications structure connecting the
operations centers (main and backup) that house the operational systems, powe
plants, substations, and data centers.

OO @ MauiElctrie Appendix A Page 9 of 9
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Appendix B:  Ward Research
Electric Grid Modernization Study
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Appendix C:  Proposed Grid
Modernization Net Benefits
Assessment

Prepared byEnergy and Environmental Economics, Inc.
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Appendix D:  System Operation s
and Considerations in a High DER
Environment

SYSTEM OPERATION®VERVIEW

The Companies serve five islands through independent electric grids originally constructed to
provide the bulk power export from central station power plants to customers located
throughout each islandThe transmissionsub-transmission, and distribution systems were
designed to be coseffective and efficient for the delivery of the bulk powerttee different
communities.Over time,the transmissionsub-transmission and distribution voltages and
designs evolved to enhance reliability and minimize system losses.

The fundamental job of the electric grid is to ensure that power is available wintoroers
want it. Because customer demand can vary minbyeminute and houtby hour, the electric
grid was designed to manage fluctuations in demand by adjusting generation itimeato
provide customers with safe and reliable power twefityir hours aday, seven days a week.

To provide a highly reliable system fitre customers across the island systems, modern grid
technologies have continuously been incorporated into the system, utilizing the solutions
available at the time. The distribution systeitself has evolved as communities were
developed out from the city centers to all parts of an isla@d.more complex systems
alternative paths from which customers could be seraed providedor added reliability
Slowly over time, more automation waglded to the system to limit the extersind duration

of outages customers experienced. For example, distribution substations incorporate an
automatic transfer system so that if orsub-transmission line trips out of service, the unit
transformers will be atomatically transferred to the backup line.

Other technologies were utilized to help field personnel identify outage causes so that power
could be restored more quickly when there were outageault current indicators (FCIs) were
installed on thesub-transmission lines and distribution circuits to help field personnel identify
the source of the outagdJsing the FCls, field personnel are able to more quickly locate the
problem area that caused the outage, isolate the problem area, and then begin theraésn

of power to the affected customers.

OO @ MauiElctrie Appendix D Page 1 of 18
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Other technologies such as lissvitches fecloserg or sectionalizers are used to isolate the
problemareaand minimize impact to other customerBoth lineswitchesand sectionalizers

are used for sectionalizgcircuits to minimize the number of customers affected by a fault.
Switchesare able to interrupt fault current, have built in protecticaand isolate faulted

sections of line without having the main breaker trip. Sectionalizers are unable to interrupt
fault current and require the main breaker to trip before they open. Subsequehty,

substation main breaker can then reclose and restore customers ribeiaffected area.
Intelligent switchegorovide additional flexibility in that they have built pratection that can

be setto bemore sensitive thathe main breaker and can be used in autorestore schemes like
on thenorth shore of O@hu. In addition tointelligent switchesand sectionalizers, automatic
transfer switching vaults were deployed on thestribution system so that localized outages
could be detected, isolated, and then power automatically restored to the customers through
an alternate pathThese automatic transfer switching vaults in conjunction with the FCls also
helped crews narrow domwtheir search to determine where the outage incident originated.

Monitoring and control of the electric gradmproved with the implementation of energy
management systera(EMS)144. They wereinstalled primarily to economically dispatch
generation resoures and enable the system operatorsreamotely monitor and controlthe
transmission angub-transmission systers Operators could then monitor, assessd react

to system events that had the potential to disrupt service to customé&he control

capabilites of the EMS are also utilized to perform switching operations on the transmission
andsub-transmission systems that greatly assist the field resources and help improve the
safety and efficiency of operatiofieventually the EMS capabilities were extendsd to select
distribution substations starting with those that could be used for the system restoration
should the island suffer a blackouthis automation provided the system operators the ability
to coordinate the addition of customer loads onto thgstem as generation came back online.

Absent a full deployment of control and monitoring systems to all distribution substations, an
outage management systerfOMS) was added at Hawaiian Electric to assist with identifying
and tracking outages ttheir cusomers. The OMS depends on customers making calls to
Hawaiian Electric to report an outage, but the software leverages those customer calls to
predictwhere the outage may have been initiatdeor example, if all the customer calls are
linked to a particur service transformer, the system operators could send a crew to respond
to the suspected transformer outage firi verify that it did cause the outagendthen

replace the transformer so that power could be restored to the customers.

As the appropriaé communication infrastructure is developed, more devices that can be
monitored andcontrolled by the system operator will be installed on the distribution system.
This will become a necessity as more and more distributed energy resources are atided.
monitoring and control of the distribution system will allow more advanced software to be
utilized to assist the system operators with managing the issues that might occur on the

144 Hawaiian Electric and Hawaié Electric Light Company have full EMS installations, while the implementation at MECO provides
automatic generation control (AGC) only.
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distribution systemMonitoring and protecting the system will be more complexcause of

the volume of data that will need to be collected to safely operate the distribution system.
Therefore, advanced software systems will need to be utilized to identify and display warnings
when conditions requiring intervention by the system ogtar occur.

The volume of distributed andustomerowned DGPV inHawai, unprecedented in the U.S.

Al AAOOEA OOEI EOU ET AOOOOUh EO AOAAOFdegurd Ax AE
system security, central station resources must be scheduled to react to the intermittency and
variability of customersited generation or other resources added to the systdimis was

extensively discussed in the ComparoeSIP filings in Decemib016. On some circuits, DG

PV is so densely located and oversized relative to local demand that power is flowing back into

the sub-transmission system on about F@rcentof the Companiegcircuits.

BULK SYSTEMTRANSMISSION CONSIDERATIONS

Thebulk systenitransmission consists of

high voltage transmission lines for

transportation of electricity over long

distances and generators interconnected to

a network of transmission lines (with

multiple paths) for high reliability of

generation.Utility generation patfolios

were historically constructed to best

accommodate the normal and cyclical fluctuations in aggregate customer load, with daily and
seasonal peaks and minimuniBae transmission network i®r the transportation of bulk
energy to points at which lower voltage distribution circuits will deliver it to customer lpads
making itthe backbae of the electrical system that efficiently transports bulk energy from
central station power plants to the load centers (idistribution substations) with a specified
level of reliability

A synchronous generator is a large rotating eleetnagnet that converts mechanical energy
from the turbine into electrical energy. Besides real power, synchronous generators provide
reactive poweryotational inertia,andshort-circuit current necessary for reliable operation of
the grid.Reactive power is requirdd support volages on the transmission systematational
inertia makes the system less susceptible to frequency disruptions caused by the loss of
generation or electrical faultndshort-circuit current is required for protective relays to
detect eledrical faults.A transmission system with more synchronaysnerationgenerally
has better ability to 1) adjust to changes in customer load demahdupport transmission
voltages 3) withstand the loss of generation or electrical fauétsd 4) providedult current.
DG-PVbegins to influencéulk system/transmission system reliabilifiyst through the
reductionof the aggregate loaénd eventually the displacement of synchronous generation
The result is lower ramping and regulating ability, lower &piio support voltage, less system
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inertia and less shottircuit current, all of which compromise the reliability and safety of the
transmission network. Finally, reduction of the daytime load compromises the underfrequency
load shed scheme, which is dgsed to disconnect load in a controlled fashion to prevent

much larger eventssuch as an islanaide blackout.

TTAAUh AT 1T OAT OET T A1 OEAOI Al CAT AOAOETT EO OOOI
additional renewables, which reduces the amount of irexi the systemReduced inertia

allows the system frequency to change more quickly, especially following a sudden major
disturbance like the suddeshutdown of a generating uniDuring these underfrequency

events, which can occur multiple times a yedre toad shed scheme activates to rebalance the
load and generation. It is also notable that multiple underfrequency load shed blocks are
activated to arrest the steep frequency decay. Because rooftop PV masks or offsets the load
the utility serves on thesad shed blocks to prevent a collapse of the power systaore

load blocks are disconnected thameviously experienced or designed fdihe underfrequency
condition further worsens when PV inverters trip offline at 59.3 Hz, the previous IEEE 1547 trip
point for distributed generationFigure D1 overlays the load shed scheme on an actual
generator tripping event from April 2013.

FigureD 1Frequency response of the Hawaiian EIl ectricargestwer syste
generator in April 2013.

Actual Frequency Response to a Generating Unit Trip — O’ahu

Hz
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L _TELUUTCETTEELE Trreees Underfrequency (57.8) Load Shed Block 5
57.7
-5 0 5 10 15 20 25
Time, seconds
The lack of visibility of D&Vis seen by the system operators aslange irOT AO 11 AA6 OEA

from and served byhe bulktransmission systemrhis can change the traditional roles for
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various elements of the generation fleet, and with enough renewable generat@mrequire
changes to conventional practicéor example, high wind production overnight in the spring
time (when nighttime load is low) can make it difficult to keep a ldiagsitfuel plant online.

Such plants were traditionally thought 8O A O A A O A lafhdiekeddes@iedfordO O A A
maximum efficiency at high output leve#d for continuous 24/7 operatiofiurning them

down, or worse, cycling their outputff and on notonly has negative efficienagnd associated
emissionampacts but mayalsoresult in higher maintenance costs.

DGPV can also make managing the conventional generation portfolio more diffichk.

output of many PV systems across a region can be higbriselated dueto common sky
conditions.The correlation will also persist as the sises andsets each dayAt high levels of
PV, what was once a wéthown seasonal profile of daily customer load is transformed into a
net load characteristic with mulple peaks early morning and early evenirgwith bulk
generation ramping down as the suisesin themorning and ramping u@s the sun sets.

The shifting from the traditional paradigraf central synchronous generatido one where
significant amounts bvariable distributed generation is relied uptm meet customer
electricity demands challenging the ability to maintain system balanées. a resultsystem
level generation requirements are changing across the islands as distributed generation
increase. The figures below show increasing systéemel challenges across each of the
islands from 2013 to 2017. At a high level, these figures depict the following:

E Daytime minimum load served by the Companies is decreasing to the point that it is
lower than tre overnight minimum load

E Variable output from renewable generation throughout the day results in significant
ramping requirements from bulk system resources

E While the amount ofolar connected to the systeexponentially gows, the peak
demand remains ratively unchanged.

Hawaiian Electric
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Figure D 2 Hawaiian Electric System Load Fourth Week of January ~ 2013 - 2017
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The low daytime loadkavesignificantimpact on the ability to maintain grid frequency and

stability. In some instances, the generation resources that have historically provided regulation

services to balance the secotd-second variation in demanaiould create an oversupply
(excess energygituation, 0 much so that running those generators, even at their minimum

output power, would cause frequency instability. As a consequence, the bulk power system

W W Hawaiian Electric

H—‘ Maui Electric

4w A Hawai‘i Electric Light

Appendix D Page 7 of 18




Moderni zi ng HBRov@ur @Qustdmers |G Auguast2017

losesaccesdo those regulation capabilities. This has tremendous effect on the ability of grid
operations to manage the secor-second variation in loadzigure D6 is an exampl®f the

tight band that occurs between 15:00 and 16:00 as generation units come online to meet the
rapid ramp in load as solar generation goes offline. It is anticipated that in the future these
regulation capabilities can be met by an architecture comsgsbf new gridside regulating
resources such as regulating energy storage, advanced inverter frequeattyfunctionality,
anddemand response.

Figure D 6 Generation Resource Start - Up at HELCO to Meet Evening Demand Ramp with PV Going Offline
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These systerrlevel generation and regulation challenges are growing increasingly complicated
as more renewable generation is incorporated into the grid. These are the challengabé¢hat
Companiesalready have insight intdikely more fuctuations in power quality occur at more
granular levelsAsthe Companiesnove toward the future, all resources need to contribute to
grid stability and continue to provide the frequency regulation services that conventional
generation had builin. 145 Future resources should be designed to allow leveraging of

¥0The electric system should evolve such that all g-ewned wlkcontibutetoesources, whe't
maintaining system stability. Therefore, to maximize the integration of variable renewable energy resources, the Commission
expects the HECO Companies to require all generators to address and support system stability consistent with their resource
characteristics and state -of-art technical capabilityd Commi ssHawadsso |Elcecitnraitci astsi loint itehse, Fi

Exhibit A to Decision and Order No. 32052, in Docket No. 2012 -0036 at 7.
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whatever flexibility might be available. DER can integrate these capabilities into their
management systems, but pilot projectompleted across thé&nited Stateshave shown that
the practicality ofgetting the resources to perform as expected or instructed is another
challenge sincethe technology is new and not necessgrconnected tosystemor customer
needsi4

The upshot of these trendsthe importance othe economics associated with curregtid
operation. The challenges that were outlined above result in the following increasing needs:

E Dispatchable generating resources are being displaced, along with the ancillary
services provided by these resource#\s the daytime minimum hadecreased
dispatchable generating resources are increasingly being taken offline to accommodate
production from DERSAN acceptable level of rotational inertiaeactive pwer
support,andshort-circuit current must be maintained to ensure system stability.

E The needfor dynamic resources is increasingAs the grid becomes more dynamic, the
need for resourcethat can regulate grid frequengyprovide voltage supporprovide
inertia, andprovide fault currents increasingas indicated in the variability during the
midday in Figures I¥Yb.

With the existing grids, the economic impact of the abewentioned effects is generally
negative. The operating efficiency of existing generating units on the system are compromised
because they are increasingly being operatedoatér outputs, at times at minimum output,

and cycling (starup and shutdown) is becoming more frequen®n highly variable days
additional generation capacity must be kept online (as ancillary service spinning reserves) in
order to ramp up and ramp dowsutput and balance supply and demand as variable and
intermittent renewable generation resources fluctuate. During periods of high variable
generation,grid-scale renewable generation is curtailed after dispatchable generation is
turned down to levels tonaintain sufficient upwarereserve capacity (at times, minimum
output), sincenoneof the DGPV installed to date are controllabl€he executive summarpf

the PSIP describes the Companies n&aim plans to integrating more renewables:

O7A bl Al zelrtegrating®ER dhd DR resources, and begin efforts to procure
grid-scale resources. We recently issued a request for information (RFI) to landowners
to help inventory potential parcels for renewable energy development. With
Commission approval, we wailiblso issue requestor proposals (RFPs) for renewable
grid scale solar PV and grid scale wind installations for all five islands. These RFPs
directly flow from the resource acquisitions outlinedtie near term action plans and
represent critical steptoward achieving the 100 percent RPS goal.

“symmary of Fir st -b&sedreguldisn pilon v kitpst//eww.greentechmedia.com/articles/read/PV - Plants- Can- Rival-
Frequency - Response - Services- From - Natural - Gas- Peakers

OO @ MauiElctrie Appendix D Page 9 of 18

Hawai‘i Electric Light


https://www.greentechmedia.com/articles/read/PV-Plants-Can-Rival-Frequency-Response-Services-From-Natural-Gas-Peakers
https://www.greentechmedia.com/articles/read/PV-Plants-Can-Rival-Frequency-Response-Services-From-Natural-Gas-Peakers

Moderni zi ng HBRov@ur @Qustdmers |G Auguast2017

We plan to initiate additional studies and projects to modernize our grid to allow full
and costeffective integration of distributed and gridcale resources. Included in this
work are the necessary system seityiupgrades that ensure our transition to 100%
renewable energy continues providing our customers with safe and reliable séttice.

The December 2016 PSIP details the evolution of the Hawaiian Electric Companies grids from
the near term onto the 2045 1Qiercentrenewable objectiveThe December 2016 PSIP

ET AT OPT OA OA O HignDER fgréchsiiich &nfa@$ tall singlefamily residential
homes and 20 to 25 percent of commercial customlge to limited rooftop space)

producingthe same amounbf PV energy athey consumeThis DER forecagotals to the
amountsof DG-PV andcustomerself-supply storage in 2045hown in Table D¥# This

forecast is significant in that the DBV forecast exceeds the current systénieak load.

Table D 1 Solar Photovoltaic and Storage

2016 System Peak

Island DG-PV (MW) CSS Storage (MW) Load (MW)
Od@hu 2,101 733 1,192
Maui 435 172 201
Molokad 7.1 3.7 5,650
Lanad 7.8 5.0 5,700
Hawaid 456 232 189

In the December 2016 PSIP, the Companies indicitegt wereworking with Google to
determine the technical potential of D®V.Since submitting the December 2016 PSIP,
Google has completeis technical potential of D&V for the islands dd&@hu, Maui, ad
Hawaib 4. The technical potential and comparison to the Compadi¢igh DER forecast are
provided in the table below:

Table D 2 High DER Forecast and Technical Potential

147 December 2016 PSIP, p. ES - 11
148 December 2016 PSIP, Appendix J, p. J -60-69
149 Google Project Sunroof:  https://www.google.com/get/sunroof/data - explorer/

W W Hawaiian Electric
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Island High DER Forecast (MW) Gpotstgﬁi;;am%c)al Raticgyoiglf;lil)DI(E)tRerI:tio;cast
Maui 435 514 0.85
Molokai 7.1 N/A N/A
Lanad 7.8 N/A N.A
Hawaid 456 281150 1.62

The above comparison indicates that thegh DERforecastsapproach the technical potentials

estimated by Google, which suggests that thigh DER forecasts are aggressive targéithe

AEAIT 1T AT CA EO Oi OAAI EUA OEAOA OAOCAOO ET xAUO
#1 11 EOOET T 60 1 AEAAKECQAlectid bildGricmbdaiizaGon Aill bk th®©

key for realizing the full potential and benefits from the growing fleet of DER.

Curtailment of renewablesr limitation of DGPV growth on distribution circuits the current
solution for maintaning system reliabilityi(e., operational reliability in NER@rminology z
regulation for frequency control, contingency reserves, and flexibility reserves from
conventional synchronous sources)is important to note that grid modernization will enabl
continued growth of DER anithat the PSIP identifies new gridcale resources that are needed
to optimize system operations and ensure grid reliability.

DISTRIBUTIONCONSIDERATIONS

Hawaiian Electric, Maui Electric, ahthwaid Electric Light Company aneational leaders in the
adoption of DG-PV, with nearly 80000 systems already approved for installation.
Approximately onethird of all singlefamily homes orO@huhave been approved to install a
rooftop solar energy system®>!

Inrecentyears,th¢ T | DAT EAO EAOA T A0 AT A Awgurd A7Ahdvis OEA O
the historical RPSjualifying resource mixThe growth in renewable generation has been

buoyedby a rapid growth in customesited renewable energy generatiohlawai continues

to integrate distributed generation at a rapid rate.

MGoogleds mapping and Haavta was ontywes, thegeby impacting the estimate for Hawai 0i

1 New wave of rooftop solar energy systems offer optio ns for Hawaiian Electric customers, September 8, 2016:
https://lwww.hawaiianelectric.com/new - wave- of - rooftop - solar - energy - systems - offer - options - for - hawaiian - electric - customers

— W _ W Hawaiian Electric .
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Figure D 7 RPS Compliance for Hawaiian Electric 2007 -2016 and Customer - Sited, Grid - Connected
Renewables (2012 - 2016) 152
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This amount of D&V creates a new set of challenges for grid operations. As discussed
thoroughly in the PSIP, a new set of challenges requires a new set of tools and methodologies
to ensure the reliable delivery of powevhich is vital toHawaik: @cOnomy, securityand

societal infrastructure. To continue to look forward is necessary, but a sufficient understanding
of the grid modernization and DER integration efforts already undertakdAawai helps to
develop an appreciation for the urgency of further investment.

The common practice for sizing of rooftop solar arrays to meet the total annual energy needs
of the customer, a practice known as net zero, leads to a variety of grid stabilitgngal. As
depicted inFigure D8, multiple DGPV systems sized to be net zero within a dense geographic
area overproduce during the day relative taa& customer electricity usagéThe
overproduction ofDG-PVcompared tocustomer electricity demand results in a localized effect
ondistribution system voltage which results in problems such as inverters trippingliok or

poor power quality to neighoring customers

152https://www.hawaiianelectric.com/about - us/key - performance - metrics/renewable - energy

158 Hawaiian Elec tric Companies - Clean Energy H a w a, integration Tools and Resources - Locational Value Maps:
https://lwww.hawaiianelectric.com/clea n- energy - hawaii/integration - tools - and - resources/locational - value - maps
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Figure D 8 O 6 a Map Indicating Distribution Circuit DER Penetration
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The 2014 Distributed Generation Integration PfOET AEAAOAA OEAO OEA Al
DG under existing technical and operatiomatierconnection requirements are system

reliability impacts that arise before most circuit limits are reached. The system reliability

constraints are existing issues that must be addressed for the current levels of DG

ET OAOAT MiBAcAudSeof thesedmerns, grid modernization is a necessary step in
evolvingHawai®d O OA OT OOAA BT OO0A&I T ET AT A £ O AA
percentrenewable generation goal.

OET 1 Al

It is widely established that conventional distribution systems can accoaate®DER up to the
circuit-hosting capacity witHittle to no negative impats on the circuit performance auality

of service With increasing penetrations of DER, there will be levels at wiistnibution
infrastructure updatewill be necessary to prewmt undesired impacts, whether they be related
to thermal capacity, protection, or voltage management.

Generation on the customer side of the meteith capacityin excess of customer load was
never a dsign consideration for theistribution infrastructure.The assumption of ongvay
power flow is tightly woven into traditional design standards for equipment application,
including conductor sizing and protective systemd&commodating power flow in the reverse
direction can certaily be done, buit requires a careful evaluation of all equipment and
systems that could be affected.

% Docket No. 2011 - 0206Distributed Generation Interconnection Plan (DGIP); Book 1:
http://dms.puc.hawaii.gov/dms/OpenDocServlet?RT=&document_id=91+3+ICM4+LSDB15+PC_Docke tReport59+26+A1001001A
14H28B70723J1893418+A14H29B53755E976031+14+1960 / DGIP Book 2:
http://dms.puc.hawaii.gov/dms/OpenDocServlet?RT=&document_id=91+3+ICM4+LSDB15+PC_DocketReport59+26+A1001001A
14H29B41032D5443718+A14H29B53755G359911+14+1960

5 DGIP Book 1, p. 5
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The injection of power from D&V systems located long distances from the distribution
substation can create high voltages, sometimes owing to smallgtribution circuit
conductors at these remote locationgariabilityin the output of DGPV systems over short
time framesz seconds to minuteg is generallynuchmore drasticon akW basis than
customer demangandit createsfluctuating voltages that dgradethe quality of service to
nearby customersAccommodating high penetrations of existing BI®/ on many distribution
circuits, along with the continuous need for upgrades and replacements for aging
infrastructure assets, are the immediate challengesttte Companiesind should be
addressed throughhis Strategy

VOLT- VAR MANAGEMENT

Traditional Voltage Management  Options

On a distribution circuit that serves only customer loads (withoutP\G, the voltage along

the feeder decreases from the sendingckto the farthest customer due to the current flow

toward the customer and the inherent resistance of power lines. At points farther down the
feeder, the voltage may drop below acceptable ranges. As a response, utilities typically employ
the following countermeasures:

E Balancing load across phases equally to avoid excessive voltage drop along a single
phase during peak loads

E Increasing the size of conductors (reconductoritmjeduce the effective voltage drop
along the lines

E Increasing the (rated) servia®ltage along the primary voltage (e.g., 21kv, 12kV or
4kV) segments of the feeder, which reduces the amount of current flowing along the
lines and the resistive voltage drop

E Utilizing load tap changing transformers at the substation to ensure that thleages
at the feeder head or at the feeder load center remain within a target voltage band,
regardless oBub-transmission voltage variation or downstream loading

E Adding line regulators to ensure that the voltages at preset points along the feeder are
maintained at a target value

E Installing capacitor banks to inject reactive power to increase voltage at selected

locations, countering the natural voltage drop

Distribution planners traditionally have employed these options in combination to solve the
voltageproblems associated with serving growing loads on the distribution system.

1% Changing the voltage level also requires replacing customer transformers so that they receive the same voltage at their service
entrance.
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Accommodating Distributed PV Generation

Rather than creating a voltage drop, active power injected by distributed generation creates a
corresponding voltage rise across the distriton circuit. The magnitude of the voltage rise,

like the loadinduced voltage drop, is related strongly to the current flowing from-Band

the resistance of distribution lines. In small concentrations, less than or equal to load in a given
area, the adition of PV generation can have a generally positive effect. However, this
condition is rare for a few reasons:

E Relative sizing of PV systems generally exceeds that of the customer load because of
the concentration of PV energy that must be delivered ofever (daylight) hours than
that of load. As customers attempt to offset more of their (energy) load, the peak of the
solar output becomes much greater than that of the load.

E Timing of PV generation differs from that of load by several hours. PV peaks are
generally centered around 12M (subject to the azimuth orientation of the array)
while customer (particularly residential) loads are near their minimum values in most
locations.

E Variability of PV and load locally increases the dynamic variation in the combined load
and generation, increasing the likelihood of severe mismatches in load and generation.

These issues are most pronounced at the local (customer) level. Howe\RY, psnetration
increases, these effects will influence voltagesother customers on the same transformer
and even along thenedium-voltage portions of the distribution circuit.

Distributed generation is interconnected to the distribution grid utilizimgerters that ensure

the power being fed into the grid is regulatéal safety issues associated with uncontrolled

power input.However, most of thelderinvertersarecapable of only producing real power

and were never intended to provide grid support features. In fact, as soon asistzegeid

disturbance, the inverteraredesigned to go ofline quickly to isolate the devices from

participating negatively or intedring with grid operations. In addition, if grid voltageops

below a certain level, the inverters instantly drop off the grid to prevent unwanted interactions.

The interconnection requirements of DBV continueto evolve as the technology embedded

withini T AAOT ET OAOOAOO AAOAT AAO AT A AO OEA 1T AAAO
standard includes rid¢hrough functionality as well as reactive power support.

Thetiming of thesetechnological advancelasresulted in an abundance of legacy inverters
with outdated functionality which can be counterproductive to grid reliabilithisis the case
whenPV will shut down during an underfrequency event thereby creating additional
instability. As part othe December 2016 PSIEhe estimatedcapacityinterconnected ly
legacy frequency rid¢hrough settingsis shown infable D3.
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Table D 3 Recreation of Table 0 -4 from the December 2016 PSIP - Legacy PV Capacities

Island O&@hu Hawaid Maui Molokad Lanad

Size PV Systems
(kW) @ 59.3 Hz 73,499 7,940 7,205 1,100 96

Size PV Systems
(kW) @ 60.5 Hz 215,878 56,600 76,656 1,100 464

Traditional Solutions for Voltage Management  with Distributed Resources

Though the problem of voltage rise due to distributed generation is technitialypposite of
voltage drop due to load, some of the same traditional solutions remain effective:

E Increasing the size of conductors (or reconductoring) reducesdhistance of the lines
and the associated voltage rise near the DG location.

E Increasing the (rated) service voltage along the medium voltage segments of the feeder
reduces the amount of current flowing along the lines and the resulting voltage rise
from the addition of (reverse) power flow.

Other regulating devices, such as LDiead tap changers and line regulators, are somewhat
effective at managing distribution voltage with PV. They can respond tg®induced
voltage change at the mediuraoltage leve] but:

E Regulators cannot respond to localized voltage issues at the distribution transformer or
the individual customer level. Depending on the amount of local PV generation, these
voltages may be much higher than at the nearby locations on the mediunagelt
backbone.
E The variable nature of PV generation, even when smoothed across an entire
distribution circuit footprint, may create a significant number of additional regulator
Ol PAOAOGEI 1 06 xEAOA OEA OAcCOI AOI O OADP 11 06AO
premature failure of the device and additional cost.

Smart PV Inverter for Voltage Management

Many modern PV inverters have the capability to react to grid conditions (such as sttaey

voltage) and adapt their output accordingly. Thesdvancednverterscan utilize this

capability to support the grid. Since 2008, industmde efforts have discussed the prospect of
standardizing gridO OB BT OO0 AADPAAEI EOU &£OI i ET OAOOAOO ET O]
efforts such as IEEE 1547, as well as statetsfio California anéHawais, share a common set

of advanced inverter functions for managing grid voltage, including:
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E Power Factor Control the inverter absorbs reactive power (to reduce voltage)
proportionally to its (active) power output

E Volt-var: the inverter absorbs or injects reactive power proportionally to the measured
voltage at its terminals.

E Volt-watt:the PV inverter reduces its active power injection as grid voltage rises above

a predetermined threshold.

Modeling and simulation of advanced inverters with these featurageshown that, when
configured properly, these devices may increase the hosting capacity of distribution circuits
with no legacy (noradvanced inverters) already installeldowever the utility must be aware

of increased var demand and losses that may result from the use of these reactive power
functions. This effect also has the benefit of being localized near the likely source of a voltage
problem (at the point of interconnection of thasdributed generator). Advanced inverter
functions, particularlyolt-var, offer a number of potential settings in order to optimize their
performance. But because inverteasetypically limited on total apparent power output, the
inverterusedmay needo havea slightly higher rating to avoid limiting PV generation in

certain instances.

In practice, several combinations of settings produce a beneficial result. Default settings have
been proposed as part of California Rule 21 and IEEE d&%d the Compaies are proposing
settings as a result of research conducted with NRERecent analysis has shown that these
settings wouldbe generally neutrato positive across a range of distribution feeders. However,
some settings may negatively impact voltagestlhé customersite or aggravate other voltage
management devices, such as load tap changers or line regulators. This requires proper
coordination of advanced inverters among sevatwtribution-regulating deviceswhichhas

not been widely studied in thedustry thus far.

Mitigating voltage issues leveraging advanced inverter functionality may provis@wtion

with lower incrementakosts. However, several factors need to be considered in using
advanced inverters as part of a holistic distribution votaganagement systenOne

potential consequence tthe reactive voltage regulatinfunction ofadvanced invertesisthe
increased losses and var demand the system may ifAdus cost must be balanced with the
benefits of voltageregulating functionality.Simulations have shown that advanced inverters
can have a benefit to the secondary distribution system. However, measurable improvements
in hosting capacity require a large portion of the PV generation on a circuit participate in
voltage management througladvanced inverter functionality. Unfortunately, lawaib about
one-third of residential customers have PV installed with raxdvanced inverters

The Companies will require the voltage management functions of advanced inverters to be
activated ando autonomously provide supportive voltage management of the secondary side
of the distribution circuitThis will prevent further degradation of the secondary voltages.

157 See https://www.nrel.gov/esif/partnerships - heco- solar - inverter.html

OO @ MauiElctrie Appendix D Page 17 of 18

Hawai‘i Electric Light



Moderni zi ng HBRov@ur @Qustdmers |G Auguast2017

Var Controllers for Voltage Management

Several vendors are offering advanced gside power electronics devicesich asecondary
varcontrollers, to manage distribution voltage. These solutions are designed to be operated on
the low-voltage (secondary) side of a distribution transformer, neastomer loads. Thus far,
these technologies have been designed as smaller, localized versions of larger electronic
devices such asecondary var controllaror line regulators. The Companies have been
conducting a pilot project with Varenteas descriled inSection0, that has produced

promising results. Based on these resuttes Companieplan to leveragesecondaryar

AT 100111 A0O O1 AOedidver®er fuhdadadity WwhariBttibutddisdpply A
resources (DG and/or exporting battery) reach very high levels on specific ciiiduets
Companiedelievethese controllers wilprovide a scalable, cosffective solution.

Hawaiian Electric
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Appendix E:  Data Type
Avallability, Usability and
Application Matrix

Table E 1 Data Type Availability, Usability, and Application Matrix

U Not
Available 1 Limited/ In Progress Available V Yes
SOURCE PURPOSE FOR DAT/
A
{0 0 095G 1
- [ I 1 = o Z
> 2lod 2212553y g
= — W I aolmg>dy= ¥
= < O O<lnwngqu = x g
= > O Sw|>Jwgo < O
DATATYPE| ° 0 | FREQUENCY & ACCURA( < | < =x|nax o =
1 | Distribution Planning process
_Capital v Forecasts (t_ex:-&iOyr 2 U VERY; v
investment forecast period) ’
2 | Customer data Monthly billing
(individual) 15 minute interval for C&
hourly for residential is
\4 commonly available to s U s vV V. V. VvV V
customers and their
designees
3 DER capacity Monthly for interconnection
(existing and gueues, but existing capacit
queued) is not well known as DER
V. V.V providers have the most R ! \ vV V VvV
accurateinformation that is
not compiled
4 | |IEEE 1547 This data is not yet available
inverter but expected to become
operational v available as DER implement ' U '
information IEEE 1547 standards
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U Not
, Available Limited / In Progress Available V Yes
SOURCE PURPOSE FOR DAT/
A
{0 0 095G 1
] Y a = -2
- < Z2& 5837y [ u
= - Iol-gd>5y= X
= < OT|lngdo3= x g
— > Swi>_Jwgo < U
DATATYPE| ° FREQUENCY & ACCURA( < 2xingr go =
5 DER services This datas not yet available,
performance but expected to become
\ available as DER grid servic * u u VvV vV VvV VvV V
are provided
6 | Distributed Planning process
generation
adoption v ’ ’ u ViV V|V
forecasts
7 | Hosting Monthly updates based on
capacity \Vj changes reflectin@ER . . . V V V
interconnections
8 | Hourly DER As recorded by DER provide
gross profiles |y, utilities do not consistently U 1 Vv vV |V
have this information )
9  Interconnectio Utility interconnection tariff
n cost data Vv (Rule 21), costs aiiacluded  ; 1 u vV V V Vv
in rate cases
10 | Load growth Vv Planning process VY
forecast Forecasts . . >
11 Locational net Utility developed values
benefits or \V/ available to PUC 1 1 1 V V V V V
value
12 | Market Needed for planning proces:
potentlgl or U U v v
saturation
studies
13 Planned Planning process
re§|llgpcy and Vv ’ , Vv Vv
reliability
projects
14 Pro.JeCt v Planning process v v
attributes ’ >
15 Rell_ab_lllty v Planning process 1 v v
statistics ’
16 | Utility rates General ratemaking . 1
17  Voltage & _ Vv Planning process U 1 Vv Vv
power quality
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Commission Order
Cross - Reference

Grid Modernization Strategy

CrossReferene

The commission expects that the strategy will be
flexible and able to accommodate changes over
time, as the underlying elements, such as
technology, customer expectations, and value
proposition, continue to evolve.

As the Companies address each of the commission
suggested areas of interest articulated above, the
Grid Modernization Strategy should offer a detailed
look into the analysis conducted, castusions
reached, and any stakeholder input offered thereon.

Further, the Companies should present an overall
strategy and grid modernization investment budget
that reflects a modular, flexible approach,
consistent with the latest industry best practices.

To that end, the Strategy should identify the
discrete grd modernization components that make
up the larger strategy and articulate the proposed
priority, implementation timing, and expected costs
and benefits of each.

(os#d O4EA AEI 1 &£ OEEO

Companies to file a detailed, holistic, and scenario
based Grid Modernization Strategy for each of the
OOEI EOEAOOG 8

Flexibilityisembedded irthe architecture and
proportional approach described Bection3 Grid
Modernization Strategy

Analysis conductel: Section5 Starting Point: Current
Status of the Electric Grig$ection6 Customer
Facing Technologie§ Grid-Facing Technologies
Appendix DSystem Operatios and Considerations ir
a High DER Environment

Stakeholder Input: Section2 Customer &
Stakeholder Engagement

Conclusions Section3 Grid Modernization Strategy
Section4 Integrated GridPlanning &ramework ér
CostEffectivenessand Sectior8 Grid Modernization
Roadmap

Strategy: Section3Grid Modernization Strategy

Roadmap/Plan and Investment Budget Section8
Grid Modernization Roadmap

Grid modernization components Section6
CustomerFacing Technologiesand Sectiory Grid-
Facing Technologies

Larger Strategy and proposed priority, timing,
costs and benefits Section3Grid Modernization
Strategy, and Sectior8 Grid Modernization Roadmap

Aligned with the overall itent and content of this
Strategy.

W W Hawaiian Electric
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Grid Modernization Strategy

CrossReferene

The commission further directs the Companies to
identify and address both gifidcing and customer
facing issues related to grid modernization.

Issues Section4 Integrated GridPlanning &
Framework 6r CostEffectiveness Section5 Starting
Point: Current Status of the Electric Gridsppendix D
System Operatios and Considerations in a High DE
Environment

The commission expects the Companies to consider several important factbat may affect the
opportunities available for grid modernization itHawaid, including, but not limited to, the following:

1. Costeffectiveness. The Companies must
ensure the costeffectiveness of grid
modernization investments.

2. Customer protection. The Companies must
develop policies that will ensure that all
electricity customers, and especially low
income customers, renters, and small business
customers, are abé to benefit from grid
modernization developments to the greatest
extent possible.

3. Customer engagement. The commission
expects that achieving the opportunities
afforded by grid modernization will require
customer engagement, and that the
commission, the HECO Companies, and other
stakeholders will need to take steps to
effectively promote customer engagement.

4. Timing. The Companies must consider
questions regarding the appropriate time to
implement particular grid modernization
technologies and practices, especially given the
rapid pace at which echnologies evolve.

Cost Effectiveness Sectiord Integrated Grid
Planning &-ramework ér CostEffectiveness

Customer Protection (Equitable Approach)Section
4 Integrated GridPlanning &ramework br Cost
Effectiveness

Customer Engagement Section2 Customer &
Stakeholder Engagement

Timing: Sectio4 Integrated GridPlanning &
Framework br CostEffectivenessand Sectior8 Grid
Modernization Roadmap

Additionally, because they provide a platform for future investments in energy delivery infrastructure,
primarily, but not limited to, the electric distribution networks owned and operated by th¢awaiian Electric
Companies, the CompanieStrategy also reflectsthe following parallel goals:

I Modernize the electric distribution system to
accommodate two-way flows of energy and
energy services through the Companies'
networks;

1 Enable customer choice of new technologies
and services that reduce emissions and improwvt
reliability in a cost efficient manner; and

Section3Grid Modernization StrategySectiord
Integrated GridPlanning &-ramework ér Cost
Effectivenessand Sectior8 Grid Modernization
Roadmap

Section2 Customer &Stakeholder Engagement
Section4 Integrated GridPlanning & ramework br
CostEffectivenessand Sectioré CustomerFacing
Technologies

T W W Hawaiian Electric

H—‘ Maui Electric

4~ Hawai‘i Electric Light

Appendix F Page 2 of 7



Moderni zi ng HBRov@ur @Qustdmers |G Auguast2017

Grid Modernization Strategy

Commission Order Guidance CrossReferene

9 Provide opportunities for DER to create value = Section4 Integrated GridPlanning &ramework br
CostEffectiveness

The commission's stateslision of an integrated grid has included goals of more efficient use of energy,
deeper penetration of DER, establishment of vibrant markets to transact electric grid services, and adopt
of innovative and sustainable energy technologies. These goals aubstantial and require a longerm
approach comprising incremental steps, each one meant to bring the State toward a cleaner, more resilie
and more affordable energy system through the development of dynamic, salstaining markets. As a first
step, the Companies and stakeholders need to assess and better understand the present status of each
island's electric grid.

O4EA #1711 PATEAO 1 6OO AT 1 SectionlVision,Definition& Scope

preliminary definition and guiding principles to

inform grid modernization inHawaié8 6

(05# OOOCCAOO A& Ol AAOET SectionlVision,Definition & Scope and Sectior
framework by which a comprehensive strategy Integrated GridPlanning &ramework ér Cost
shodl A AA AAOGECT AA AT A A Effectiveness

4EA |, ACEOI AOOOA EAO OOAOGAAg O)1 AAOAT AEI C OEA |
economic, environmental, and cultural consideratianassociated with modernization of the electric grid,
based on principles that include but are not limited to:

1. Enabling a diverse portfolio of renewable Section4 Integrated GridPlanning & ramework br
energy resources; CostEffectiveness

2. Expanding options for customers to manage Section4 Integrated GridPlanning & ramework ér
their energy use; CostEffectivenessandSection6 CustomerFacing
Technologies

3. Maximizing interconnection of distributed Section4 Integrated GridPlanning &ramework ér
generation to the State's electric grids on a CostEffectiveness
cost-effective basis at nordiscriminatory
terms and at just and reasonable rates, while
maintaining the reliability of the State's electric
grids, and allowing such access and rates
through applicable rules, orders, and taiffs as
reviewed and approved by the commission;

4. Determining fair compensation for electric grid = Section4 Integrated GridPlanning & ramework ér
services and other benefits provided to CostEffectiveness
customers and for electric grid services and
other benefits provided by distributed
generation customers and other nonutility
service providers; and

5. Maintaining or reliability and modernization of = Section4 Integrated GridPlanning &ramework br
electric grids. enhancing grid safety through CostEffectivenessand Sectior8 Grid Modernization
the State's electric Roadmap
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1 Move toward the creation of efficient, cost
effective, accessible grid platforms for new
products, new services, and opportunities for
adoption of new distributed technologies;

1 Ensure optimized utilization of electricity grid
assetsand resources to minimize total system
costs;

1 Enable greater customer engagement,
empowerment, and options for consuming and
providing energy services;

1 Maintain and enhance the safety, security,
reliability, and resilience of the electricity grid,
at fair and reasonable costs, consistent with
the State's energy policy goals;

1 Facilitate comprehensive coordinated,
transparent, and integrated distribution
system planning.

Current Status of the Electric Grids

O4EA #1 1 PATEAO AT A 00O

Al AAOOEA AAOO

i What grid modernization technologies and
practiceshave the HECO Companies' already
explored or implemented, and what plans does
each Company have for introducing additional
technologies and practices?

1 To what extent does each of the HECO
Companies recent investments in grid
modernization affect decisions about future
investment in grid modernization?

1 What role do existing commission regulations,
policies, and practices play in encouraging or
discouraging future investments in grid
modernization infrastructure?

Grid Architecture and Iteroperability

HPUCOEAAT OELZEAO OEA A i111

H Bowv@ur @Qustdimers |G Augast2017

Grid Modernization Strategy

CrossReferene

xEl C Hamai& 1 AEPI AO &I O CO

Section3Grid Modernization Strategy

Section4 Integrated GridPlanning & ramework ér
CostEffectiveness

Section2 Customer &Stakeholder Engagement
Section4 Integrated GridPlanning &ramework ér
CostEffectivenessand Sectioré CustomerFacing
Technologies

Section4 Integrated GridPlanning & ramework ér
CostEffectiveness

Section4 Integrated GridPlanning & ramework br
CostEffectiveness

AAA O AOOAOGO
EAE OOADPO i OO«

I'TAROO 1
T £ Of xE
Section5 Starting Point: Current Status of the Electri
Grids and Appendix [3ystem Operatios and

Considerations in a High DER Environment

Secion 3Grid Modernization StrategySectiord
Integrated GridPlanning &-ramework ér Cost
Effectivenessand Sectior8 Grid Modernization
Roadmap

Section4 Integrated GridPlanning &ramework br
CostEffectivenessand Sectior8 Grid Modernization
Roadmap
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Grid Modernization Strategy

Commission Order Guidance CrossReferene

O4EAOA EO A Hakalspediic grid dabifeciude that can actively shape the evolution of the
islands' electric grids rather than to passively allow grid evolution in a botteap manner. In addition, open
standards and interoperability must be viewed as foundational componefits®e OEA ET OACOA

1 How might the Companies' grid architecture be Section3Grid Modernization Strategy
developed to leverage smart technologies and
intelligence in order to enhance edgeof-
network capabilities?

1 How should the Companies' grid architecture  Section3Grid Modernization StrategySection4
be designed and optimized to addess the Integrated GridPlanning &-ramework ér Cost
elements of interoperability, cybersecurity, Effectivenessand Sectior8 Grid Modernization
flexibility, and adaptability? More specifically, =~ Roadmap
what are the advantages and disadvantages of
a grid system design where the sensing
network and related communications
infrastructure are viewed as corénvestments
decoupled from specific applications, e.g.,

AMI?

1 How might the Companies' grid architecture be Section3Grid Modernization StrategySection4

considered as a foundational requirement for = Integrated GridPlanning &ramework ér Cost
grid modernization? Effectivenessand Sectior8 Grid Modernization
Roadmap

1 What steps should be taken to promote open, = Section3Grid Modernization Strategyand Sectior8
interoperable grid modernization Grid Modernization Roadmap
technologies?

1 What steps might be taken to develop a Section4 Integrated GridPlanning &-ramework or
framework for assessing a project's CostEffectivenessand Sectior8 Grid Modernization

contribution to the interoperability of the grid? =~ Roadmap

Grid Architecture

The Companies should consider how gnitbdernization investments can be designed and implemented to
cost-effectively meet the dual goals of enhancing grid flexibility and resilience.

1 How might grid modernization investments be = Section3Grid Modernization Strategyand Sectior
designed and implemented to costeffectively ~ Integrated GridPlanning &ramework ér Cost
meet the dual goals ofenhancing grid flexibility ~ Effectiveness
and resilience?

Grid-facing technologes
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Grid Modernization Strategy

Commission Order Guidance CrossReferene

The commission expects stakeholder workshops to facilitate discussion regarding the capabilities reason
expected of a modern distribution network, the status of technologies required to enable these capabilitie
the regulatory changes that may beecessary to facilitate the development of a modern distribution
network, and the steps that the Companies should take to integrate relevant technologies in a strategic a
cost-effective manner.

1 What are the key gridfacing technologies and = Section3Grid Modernization StrategySection5

practicesthat the Companies should be Starting Point: Current Status of the Electric Grids
implementing to maximize the reliability and ~ Section7Grid-Facing Technologiesand Sectior8
efficiency of the grid, while materially Grid Modernization Roadmap

enhancing the ability to further integrate

DERs?

1 How do grid-facing technologies and practices = Section3Grid Modernization StrategySection4

overlap with customer-facing technologies and ~ Integrated GridPlanning &ramework ér Cost
practices, such as advanced meters, and to Effectiveness Section5 Starting Point: Current Status

what extent do they need to be coordinated? ~ ©f the Electric GridsSection 6 CustomerFacing
Technologies Secton 7 Grid-Facing Technologies
and SectiorB Grid Modernization Roadmap

Customerfacing Technologies

The Companies, in conjunction with stakeholders, must assess how custefaeing technologies, practices,
and strategies can be used to:

1 How cancustomer-facing technologies, Section3Grid Modernization StrategySectior4
practices, and strategies be used to (1) enable Integrated GridPlanning &-ramework br Cost
customers to manage their electric usage more Effectiveness Section6 CustomerFacing
efficiently and enable maximum customer cost Technologiesand Sectior8 Grid Modernization
savings; (2) enable customers to harness their R0admap
electric loads as a responsive resour¢e meet
grid service needs; and (3) further integrate
resources such as distributed generation,
energy storage devices, and electric vehicles?

I What are theappropriate roles for the HECO Section3Grid Modernization StrategySection4
Companies and stakeholders in identifying and Integrated GridPlanning &-ramework 6r Cost

deploying customer-facing technologies to Effectivenessand Sectior8 Grid Modernization
achieve these goals? Roadmap
1 How should the commission and other Section4 Integrated GridPlanning &ramework ér

stakeholders ensure an open and robust marke CostEffectiveness
for third -party, customer-facing technology

providers and ensure adequate consumer

protection?

Implementation Plan
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Grid Modernization Strategy

Commission Order Guidance CrossReferene

O4EA #1101 PATEAO 1 60060 AAAOA
including both gridfacing and customer&£A A E

-

O OEA OANOAT AA AT A b,
TT1TCEAO8S

1 The Companies' strategy should identify grid Section4 Integrated GridPlanning & ramework ér
modernization technologies as discrete CostEffectivenessand Sectior8 Grid Modernization
components under the overall strategy and Roadmap
specify the anticipated implementation timing
for each component, as well as how each
component relates to the other(s).

1 How should the Companies determine the Section4 Integrated GridPlanning &ramework br
appropriate sequendng and timing for CostEffectivenessand Sectior8 Grid Modernization
implementing various grid modernization Roadmap

technologies and practices?

Costs and Benefits

“The Companies and stakeholders should examine
evaluate the cost-effectiveness of grid modernization technologies and practices, including an evaluation
of hard-to-quantify impacts such as improved reliability, increased customer choice, and reduced
environmental i mpacts.”

1 What is the appropriate frameworkto evaluate = Section4 Integrated GridPlanning &ramework br
the cost-effectiveness of grid modernization CostEffectiveness
technologies and practices, including grid
facing and customerfacing technologies?

1 How should the commission evaluate hardo- = Section4 Integrated GridPlanning &ramework ér
quantify impacts such as improved reliabity, CostEffectivenessand Sectior8 Grid Modernization
increased customer choice, and reduced Roadmap
environmental impacts?

W W Hawaiian Electric
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