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From Pearl Street to Rooftop PV &

» The Past: Power is centrally generated, then is VOTE SOLAR

delivered to customers via the distribution grid.
Utility-centric, customers passive consumers.

» The Present: Mostly large, central station
generation, but with an increasing mix of
distributed generation and demand side
management. Ultility centric with limited 3" party
providers, customers have more choices.

» The Future: More distributed resources, more
consumer choice and participation, smaller mix of
central station generation, microgrids, data
sharing and transparency, new procurement
structures and revenue models. Ultility, customer
and 3" party provider shared responsibility.




The Revolution is Coming... -

VOTE SOLAR

» What's Driving Change?
> Advances in technology — including at the consumer level
> Emergence of the “prosumer”
> Non-traditional market entrants
> Policy shifts and regulatory reforms
> Awareness of environmental and climate impacts of energy choices

—




The Revolution is Coming...
» Who s Leading the Charge?

New York: Reforming the Energy Vision — a top-down approach to
reformlng the utility business model (in part a response to Sandy)

> California: Distributed Resources Planning & Integration of Distributed
Energy Resources (response to climate change policies and rapid adoption
of rooftop PV, electric vehicles, energy storage)

> Hawaii: Investigation of Distributed Energy Resources (driven by high
rates, rapid consumer uptake of PV)

> Minnesota/others: DER/Utility Business Model investigations (proactive
regulatory policies)



The Revolution is Coming... Dl

VOTE SOLAR

» Key California Regulatory Proceedings

> Distributed Resources Planning (R.14-08-013) — focus on
grid needs, identifying “hosting capacity” for DER (shared
online), identifying locational net benefits and assigning
values, demonstration programs for modeling the grid.

> |ntegration of DER (R.14-10-003) — focus on provision of
DER to meet needs identified in DRP process, develop
procurement framework for DER, ensure customer choice
and participation.
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Integrated Distribution Planning:

A holistic approach to meeting grid needs and expanding customer
choice by unlocking the benefits of distributed energy resources
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Designing the Distributed Grid of Tomorrow

Today

Tomorrow
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Modernization in grid planning is needed

Traditional Planning Integrated Distribution Planning

Planning

Interconnection

J

\_

Inter-
connection

J

A holistic approach to meeting grid needs and expanding customer
choice by unlocking the benefits of distributed energy resources
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IDP In Action: California regulatory proceedings already
align with Integrated Distribution Planning framework

Inter- Distribution
Rule 21 connection Resources
Plan (DRP)
Integrated

Distributed Energy
Resources (IDER)
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Agenda

Integrated Distribution Planning
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Challenge: Interconnection processes can be avoidably slow, include
unwarranted costs, and unnecessarily limit DER interconnections
Approach: Streamline DER interconnection process, eliminate
unwarranted costs, and expand allowable interconnection approvals

Streamline Process Eliminate Costs Expand Approvals

While many states establish
timeline requirements for
utilities to complete
interconnection, timelines are

often not met.

Best-in-class utilities
standardize their
interconnection process and
have drastically reduced their
processing timelines.
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Cost certainty is a critical
component of successful
interconnection. Upgrade costs
to DER owners vary
significantly by project.
Upgrade requirements are
frequently based on outdated
technical information, resulting
in undue DER integration costs

Average Utility Permission to Operate (PTO) Timeline
‘Average post-construction PTO fimeline

> PTO

Outdated interconnection
technical standards
unnecessarily limit the amount
of DERs that are allowed to
interconnect

Utilize automated hosting
capacity analyses to increase

allowable interconnections.

Initial Technical Review with [

FastTrack

Supplemental Review with
Hosting Capacity

configurations

Incorporate Hosting Capacity
into automated Supplemental
Reviews

Examine alternative DER
configurations to enable
allowable approval

Detailed Impact
Study
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treamline Process: Best practices and recommendations

Interconnection Best Practices
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Grid Engineering

Streamline process in following areas:

Category Best Practices & Recommendations

Documentation | * Acceptsinge line diagrams in applications in fiew of three line diagrams®
= allow project drawings to be approved by licensed contractors without Professional Engineer stamps”®
ment utility inspection procedures and indude time limits®

o - . . age . . .
Follow s PTO dloszout check ist template for sequence of operations and witess test procedures D t t V b I t S m I t
naintzin an oniing list of certified equipment by part number and settings approved for interconnection.” O C u I I l e n a, I O n I S I I I y I p I C I y

Visibility +  Make pre-application reports available online on the utility website®
+  Enter all application correspondence by project into a password-protected orline portal, starting with the
initial 2pplication and induding regular status updates
- Publish impact studies on the utiity website
= Createand publish interconnection maps online for identification of favorable in ection sites®
Simplicity = Donot require a signed construction contract with an interc ion application™
- Allow construction o proceed at third party’s riskwith no required wtility conditional approval prior to
startof construction™
= Eliminzte multiple-part applications in favor of a single, comprehensive application .
Cost Certainty = Budgetimpact study costs by man-howrs at an hourly rate, with outsourcing costs stated as aline item™ Cost Ce rtal nty / .
- Dot charge ardinary ssrvice 2nd maintenance fees for Ltlty-owned saupment reguir=d for Cost A ||ocat|0n Standards
and Cost interconnection™

Minimization

Do not charge interconnection appiication fees for Net Metered projects™ M I n I m I Z atl O n
Establish 2 process through which interconnection upgrades and costs are identified prior to

interconnection applicstion submission

Publish standzrd upgrads unit costs 1o aliow bener planning and budgeting by third parties™

Cost Allocation Allocate upgrade costs equitably to all bem ries [i.e. both DER owners and non-DER customers|*®

Consider the clustering of projects withina commen zeozraphy when possible”

Standards »  Set the standardized interconnection project size limits to no lower than 5 MW

+  perform simpiified/fast-tracked review for verified non-export and smart export projects

. rvice on a parcel of land to prevent the installation of new R evi eW /
Miigation |+ Erure s havesfhcirt gt sqipmert o s et onmecio v Penalties Eq uipment

. = Increase the flexibility of mitigation requirements where cosf ist

Equipment - Allow meter socketadaptors or altemate supply-sice taps to f = er-sided DER instzllations Refo I | I
Review & +  Institute a fully orline application process rather than written applications

+ prohibit paper forms or hard copy mailings in application process™
Reform »  Acceptelectronic signatures on all reguired documents™

- ronic payment

. 24 third party contractors to perform metering work related to int =ction [&.g. meter

puls or replacements)
Incentives & = Create tties and incentives governed by regulatoryagendies to encourage compliance with legislated
. time limits™

Penalties

Conduct annual audits with independent reviewers to determine utility compliznce with timeding
Publish resuits of annual processing timelines
Require utility-developed plan if backlog is over acceptable threshold

SolarCity -



Eliminate Costs: Many mitigation requirements are overly

conservative and can be avoided with cheaper alternatives

Grid Engineering
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Utility Mitigation Requirements:
Reclose Blocking
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If voltage is detected SolarClty Technical Brief
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Introduction

With the increasingly widespread deployment of distributed energy resources (DERs), the operational characteristics of the
electric distribution grid are evolving. Many utilities worried about the real and perceived impacts of DERs on the grid are
specifying equipment upgrades to mitigate their concerns. However, these mitigation requirements are often based on
outdated standards created for traditional distributed generators (i.e. rotating machines) or made without regard to the

Py without advanced capabilities of modem DERs, which can often preempt the concerns underlying the proposed mitigations. The
Figure 1. Ty result s that utilities are requiring overly conservative, often unnecessary and ultimately costly upgrades as a condition of
DER interconnection. A reexamination of these traitional approaches is needed.

Background . .
Anti-Islanding Sourced from SolarCity's interconnection efforts across the United States, we identify below the most common utility
Like any distributed geners A electic power sysem mitigation requirements as well as the typical uility rationale for each upgrade. Based on the latest body of technical
feeder, potentially driving ; ] research and standards available, as well s our own research into many of these topics in collaboration with utilties and
grid — typically due to a fg national Izboratories’, we offer cost effective, safe and relizble alternatives to these upgrades when applicable, with the

conditions with high distri
the two main voltage cons
(ANSI) requires the steady-
flicker, the magnitude, freg
whether mitigation is requi

To date, most utilities use
(MDL) for PV penetration §
the interconnection proces
the PV penetration is above

In this paper, we investigat,
majority of feeders (espect
thresholds before requiring

islands sustained by desig)
increasingly common with
reliability and resiliency. Hi
unintentional islanding, Wi
islanding can cause safety )

goal of reducing overall system costs to all customers.

Utility Mitigation Requirements and Recommendations

putting the public and util Mitigation  Description  Utility Rationale Recommendation Alternatives
islanding can also cause pg Protection Adjust relay DERs may cause When short circuit contribution ratio If SCCR exceads 10% and
detect when island condit) Equipment - | settingsand/or | desensitization of (SCCR) of fing facilities a i
protection. SCCR replaceor 3 i f ive device is less

upgrade of protective devices, than 10%, DER customers should not pay | upgrades, instantaneous.
In the United States, IEEE § protective and/or i for upgrades to p i DER relaying set to wip
when the grid is de-energ) equipment. interrupting rating of | because DERs are not expected to impact | instantaneously before

or | urility squipment
(IEEE 1547.7's section be

inverter controls, certificati) r
Pt
75; California Rule 21%; and Hawaii Rule | considered as a cost

(e breaker, fuse, exc).

Reclose Blocking 14*). When SCCR exceeds the effective mitigation
conservative 10% limit and a protection | measure.

Distribution grids often util) review indicates technical concem,

their system in the event o] settings changes to protective devices

line and operste, or open, | should be invenigated before proposing

are sustained and, in situa — _ . equipment upgrades. _

themsehves without the nel Monitoring | Inssall Uiy requires | DER cussomers should not pay for wiity | Miodem DEFs can cost

automatically reclose, o cl equipment | telemetry, d : becausze grid sffectively provide

lose, metering, line | distribution grid to monitoring is part of normal utility monitoring capabilities

fault has deared itself, the; sensorsand/or | observe imeraction of | business, regardiess of the sxistence of | without the needto
samilar DERs with circuit DERs. be L wtility
monitoring Ioading and power considered part of normal utility business | manitoring equipment.
equipment. quality. as they ultimately benefit the entire

August 2015

* Interconnection process best practices
identified in the following categories:

Documentation

Visibility

Simplicity

Cost Certainty / Minimization
Cost Allocation

Standards

Penalties

Review / Reform

Equipment

» Alternatives to common utility mitigations
identified in the following categories:

Protection Equipment - SCCR
Reclose Blocking

Direct Transfer Trip (DTT)
Reconductor

Transformer replacement
Grounding transformer

SCADA Recloser

Monitoring equipment

Voltage Equipment — Variability
Voltage Equipment — Reverse Flow

SolarCity -



Expand Approvals: Phase out universal screens in
favor of hosting capacity analyses

.

At low PV penetration levels,
screening methods can enable
timely decisions

Hosting Capacity

At high PV penetration levels,
circuits need to be individually
assessed for DER hosting capacity

SolarCity



FastTrack

Expand Approvals: Incorporate automated Hosting

Capacity analyses into interconnection process

Interconnection
Application

Initial Technical Review

with Penetration Screen

Change operating
characteristics and/or
system configuration

Examine alternative DER
configurations to enable
allowable approval

Falil

Fail Any Screen

Supplemental
Review with

S |Nterconnection

Approval

N

Pass

Hosting Capacity

Fail all
configurations

Detailed

Impact Study

Incorporate Hosting
Capacity into automated
Supplemental Reviews

SolarCity .



Agenda

Integrated Distribution Planning

Inter-
connection

SolarCity =



Challenge: Utility planning processes do not leverage DERSs to
provide grid services, lower system costs, and increase resiliency
Approach: Modernize distribution planning to leverage DERs

° Forecast Growth

& Maintenance

Forecast load and DER
growth and required
equipment maintenance
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Identify
Needs

Compare growth to
available hosting and
circuit capacities

e DER Forecast

/ Zero Available
Hosting Capacity

e Hosting Capacity

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

Y- 3
Develop

0.825

Plan

Evaluate solutions to meet
identified needs, including
the use of DER portfolios

Advanced Inverters Improve Circuit Voltage

20% PV

20% PV w/ volt-var control

T T T
4 2015 2016 2017 2018 2

Incorporate DER growth in
addition to load growth forecasts

J \
— \
Include DERs as an option to
proactively meet grid needs

SolarCity .



Develop Plan: Transmission Planning Process provides a
useful example for distribution-specific processes

Transmission Planning Process

4 )
Develop

Distribution-
Specific Planning

Process and Tools
\_ J

SolarCity
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Challenge: Utility distribution sourcing does not leverage DERSs to )
provide grid services, lower system costs, and increase grid resiliency
Approach: Modernize distribution sourcing to evaluate, select, and
deploy DERs to meet grid needs

o @ ] : ZEEVE—
Select Least Deploy Monitor

Cost / Best Fit Resources Performance
Identify least cost / best fit Conduct pricing, program Monitor, measure and verify
portfolio of DER and and procurement efforts to performance, adjusting
traditional assets obtain needed assets portfolio as needed

Traditional Ratebase nfrastructure-as-a-Service
liga wstomca.
e ) Nead BATTERY DI 13418 POT WTC 800
(eg.c quality) (e er quality) 2o0m oA From [ May 20,2015 | To [ Aug 18, 2015

Price Signals Firm Contracts nal Total Identified

= 2 of
R W Authorize =8 G : " _ o g
ase etum JocuEcEovee LRI N Y. UOT B PRSI VY Y SOV T PR Y
: 5
Infrastruclure Need \— l) \ g j

Select least cost / best fit portfolio, including DERs
rather than solely traditional infrastructure

’ ’ =
e g i ot o ST T O HRNT TRk, s iden
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Select Least Cost / Best Fit: Distribution Loading Order

A policy to encourage the utilization of DER portfolios to meet grid needs

Procurement Solutions

Proposed Distribution Loading Order  Selection of Resource Examples

1. Distributed Energy Resources Energy efficiency, controllable loads/demand response, renewable
(DERs) generation, advanced inverters, energy storage, electric vehicles

2. Conventional Distribution Transformers, reconductoring, capacitors, voltage regulators,
Infrastructure sectionalizers

Procurement Mechanisms
Rank

Order

Procurement
Mechanism

Description

Selection of Practical Examples

Price Signals
(DERs)

DER portfolios that voluntarily respond to
price signals sent from the utility that incent
the desired behavior to meet grid needs.

Voluntary Critical Peak Power / TOU Pricing
Voluntary Distributed Marginal Pricing (DMP)
Voluntary Voltage Support Pricing

Firm Contracts
(DERs)

DER portfolios that are contractually
obligated to deliver grid services based on
contracted prices.

Week-Ahead Reactive Power Payments
1-10 year ahead availability contracts for
peak substation real power capacity

Traditional Utility
Infrastructure

Traditional utility infrastructure self-supplied
through General Rate Case capital budgets.

Utility investment in Substation transformer
Utility investment in feeder reconducturing

SolarCity
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Select Least Cost / Best Fit: Utilize Distribution Loading @
Order Mechanisms to source solution to grid need

Utilize Distribution Loading
Order to ensure least-
cost/best-fit sourcing

~— Cushion

System Need

—  (i.e. MW,
MVAR, MWh)
Price Signals Firm Contracts Traditional Total Identified [ £xpected Delivery
Infrastructure Need Non-Delivered
) Capacity

Distribution Loading Order: Sourcing Mechanisms
Source: SolarCity illustrative Loading Order analysis SOI arCity
17



Deploy Solutions: Examine Infrastructure-as-a-Service O

Investments in lieu of traditional infrastructure

Traditional Equipment Infrastructure-as-a-Service

Identify System Need Identify System Need
(e.g. capacity, power quality) (e.g. capacity, power quality)

Purchase Traditional Procure

Equipment Solution Third-Party Solution
(e.g. transformer, capacitor bank) (e.g. feeder capacity, reactive power)

Place Notional Value of Authorized P8 Place Notional Value of
Equipment Cost in Ratebase Contract in Ratebase

SolarCity
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Challenge: Utility data critical for driving innovation is not

accessible by broader industry
Approach: Utilities must commit to data transparency and

access to enable industry innovation

Data Transparency Data Access

Help | Gontact Us | Log Out

imole Ave

Locational Value
Informs targeting oflocational DER deployments to areas of greatest value
Audits and informs utility’s Locational Benefits methodology
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Thank you!

Integrated Distribution Planning ¢ i
A holistic approach to meeting grid needs and expanding customer | /
. choice by unlocking the benefits of distibuted enengy resources o
SolarCity White Papes
Key takeaways
Takeaway 1

Integrated Distribution Planning  integroted pistribution fi iz 3 holistic
approach to meeting distribution needs and
expanding customer choice by modernizing
utility interconnection, plo , Souting, and

Visit our webpage at

Takeaway 2
Hosting Copocity analyses should be
incorporated into the interconnection of

e e www.solarc itV. com/ 0 ridx for

Takeaway 3

Adopting Distibution Logding Crder policies - .
will encourage the sourcing of cost effective l l re O r a I I a I I O n a
distributed ensrgy resources before

conventional distribution eguipment

oo materials

Designing the electrical grid for the 21° century & one of faday’s mast impartant and exdting chalienges. in the foe of
=cakiing elsctridty nosds and an aging secrical grid that refies on centralined and paliuting souncss of power, it is
mperative tO Transition o e grid thet sctinely ererages the wawe of renswabie distrituted ananzy resounces proliferating
moross the industry. Distributed enengy resounoss offer tremendous benefits to this new grd by actreely engaging customes
n their enerzy mansgsment, incressing the use of desn
renewsnie anensy, improving Erid resiancy, and mazing the Traditional Planning
prid mars sfordstls iy reduding System costs. Desizning =
[prid that fully fernesses thess mosets i @ key undertaiing for
E ndustry  stakehaiders, inchading wtiifies, resulstors,
emisladunas, and DER dewelapers.

Inter-
connection

Sourcing

Current efforts to wlilice DERs to suppart the brosder abectnic
spsbem, howener, are hampered by the spstemsc filure of the
ncustry o intezrate DERS into distritution planning eforts.
as the fmure to the right depics, traditions] distrioution
planning & highly gioed and planning efforts are consdered
ndepandently of inberconnection efforts. To flly leverage

_ Ryan Hanley
pepp el I - Senior Director
Grid Engineering Solutions
rhanley@solarcity.com
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