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Overview of Electric Distribution Systems

* Physical Topology

o Central power generator = transmission system -
distribution substation/transformer

o Wires (feeders, main & laterals)

o Distribution transformers

o Loads (residential, commercial, industrial)

o Voltage Regulation (capacitor banks, voltage regulators)

o Protective devices (fuses, circuit breakers, relays, reclosers)
o Switches, relays

o Sensing & Controls (Energy Management Systems (EMS)
/Supervisory Control & Data Acquisition (SCADA), Automated
Meter Reading (AMI) — digital (wireless) meters

o Special equipment for managing specific issues with power
quality, real or reactive power

o Distributed Energy Resources (distributed generation,
renewables, energy storage,...)

* Operational Goals
o Maintain correct voltage range
o Maintain power quality
o Maintain load balance

o Maintain safety of customers & work crews
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The Electric Utility Balancing Act

* Reliability, Security

e Safety

* Affordability

* Innovation/Competitiveness
* Flexibility/Resiliency

* Energy mix ;
* Clean Resources/Environment fcexs
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Distributed Generation Integration from a Utility Perspective

GIS

— EMS

Situational Awareness

feeder topology (GIS)
feeder historic peak load (manual process - annual)
substation transformer loading (EMS)

equipment status/state/settings (reclosers, cap banks,
fuses mix — EMS, manual)

AMI extended dataset (power & voltage)
ADMS — New capability

Power System Studies & Tools

steady-state
load (power) flow
short-circuit/protection coordination
dynamic
voltage stability (PSLF — Transmission planning)
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Emerging Trends in Key Areas

Physical/Cyber Resiliency
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Emerging Trends in Key Areas

Customer Evolution

Technology Innovation

Mt the test T

Programs itself.
Then pays for itself.
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sz4o [N TR TESLA HOME BATTERY
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Competition siucture - POWETing @ New Generation of Community Energy

Source: http://www.nyserda.ny.gov/All-Programs/Programs/NY-Prize

|
|
Source: http://energy.gov/articles/askenergysaver-led-lights Source: http://www.toyota-
e By.gov/artl Bysav ! global.com/showroom/vehicle gallery/result/prius_plug-in_hybrid,
SolarCity -

SIDENTIAL BUSINESS & GOVERNMENT UTILITIES

th

OMPANY
How It Works ~ What It Costs ~ FAQs

MySolarCity  Locations Free Quote

Battery Backup

[+ L lc-lin
Be prepared the next time the power goes out.

ADVANCED DISTRIBUTION MANAGEMENT
SYSTEM (ADMS)

Source: http://www.solarcity.com/residential/backup-power-suppl

Source: http://www.schneider-electric.com/b2b/en/solutions/for-business/s4/electric-utilities-advanced-
distribution-management-system-adms,
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Distributed Generation Integration from a Utility Perspective - Gaps

Situational Awareness
. feeder topology (GIS)

. feeder historic peak load (manual process - annual)
. substation transformer loading (EMS)
. equipment status/state/settings (reclosers, cap banks,

fuses mix — EMS, manual)
. AMI extended dataset (power & voltage)
. ADMS - New capability

. equipment specifications/ratings
. DG size, location, orientation, specifications
. DG point of interconnection “stiffness ratio”
2 723 . adjacent feeder characteristics
6 o " '. . feeder minimum daytime load
©¢ - e g . measurements interior to feeder
3 . settings for dynamic voltage control devices
. Solar irradiance (historic, real-time, forecast)

Power System Studies & Tools
steady-state

. load (power) flow

. short-circuit/protection coordination

. feeder PV hosting capacity

dynamic

. voltage stability (PSLF — Transmission Planning)
. interactions between smart grid devices
. dynamic PV hosting capacity

. advanced scenarios

. optimal location & size of energy storage
. control settings for smart inverters

. feeder reconfiguration

. microgrid applications

. aggregation of DG, forecast

. Transients - harmonics
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DOE Vision of Emerging Power System

Reliable

Affordable

Grid
Modernization
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-

L)

A sustainable, affordable, secure, and
reliable electricity grid that drives a clean-
energy economy

How do we keep the lights on Reliability Goal: 10%
and protect against threats?  reduction in the economic
costs of power outages

Resources integration

How do we keep costs Affordability Goal: 33%

reasonable for decrease in cost of reserve

consumers? margins while maintaining
reliability



DOE Grid Modernization Initiative
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Permitting
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Tribal Role Options & Project Teams

* Tribal Members
o Leadership, staff, community members
o Attorneys, engineers, professionals

Off-taker/ * Developer

Energy User o Business managers, engineers, permitting specialists,
investors, banks, attorneys, accountants, power marketers,
procurement specialists, communications, public relations,
government relations, corporate finance, project finance,
construction managers, O&M specialists, asset managers,

Resource/ Land Owner

Project Operator/ O&M

etc.
Lender/ * Utility
Debt Provider o Engineers, attorneys, planning specialists, operations

specialists, regulatory specialists, finance, accounting,
public relations, communications, systems operators,
Equity Investor/ construction and field personnel, maintenance and
Gen. Owner emergency operations, etc.

e Government

: o Tribal government, federal, state, local entities, regulating
Project Developer bodies (public utilities commission), Bureau of Indian
Affairs, DOE, Federal Energy Regulatory Commission, etc.
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Permitting Impacts

PROJECT POTENTIAL: itti i ?
Eﬂmprehensiue 1 Data Collection and Permlttlng ImpaCtS :

Energy Plan » Opportunity Assessment
jj . Council
- Check-in

PROJECT

OPERATIONS AND Project 2 PROJECT OPTIONS: P itti . ts?
MAINTENANCE Strategy and Detail
Develnpment rategy and Detal ermittiing ImMpacts:

and Financing
Strategy

Permitting impacts?
(Compliance)

Council
¥ Check-in

PROJECT -
IMPLEMENTATION: 3 PROJECT REFINEMENT:

Financing and Construction Planning and Permlttlng impaCtS?

Development

Permitting impacts? c@-‘_r
LC
Check-in
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Permitting/Land Ownership/ Technical Specifications

w1 Define Scope of Work

" )l AR « What is the project scale

- Type of RE technology
A i i RGN + Site information:
- : ik — Location
an P ‘ s ; : - Interconnection requirements as known
AT - Applicable codes and standards

et 4 R - Roof structure, soils, other (as applicable and
. G, available)
[En g - Site prep: fencing, roads, grading limitations, etc.
- Installation requirements: min/max heights of
equipment, vegetation mitigation, design
standards for structural/electrical

« Equipment minimum standards and warranties

e 20 0. 5 1 g - Expected minimum performance
(recommended) or capacity

http://www.blm.gov/co/st/en/BLM Programs/geographical sciences/gis/100kMapindex.
html

« Commissioning plan
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Permitting Examples — Federal Level

Environmental Protection Agency
-Underground Injection Control
Council on Environmental Quality
Environmental Impact Statement / Assessment
National Park Service
Prevention of Significant Deterioration (if impacting National Park)
Dept. of Homeland Security
Bridge Permit, Rivers & Harbors, Marine & Harbor Activities
National Oceanic And Atmospheric Administration
Incidental Take Statement /Permit (Endangered Species), Letter of Authorization,
Incidental Harassment Authorization
Fish & Wildlife Service
Incidental Take Statement /Permit (Endangered Species)
Federal Aviation Administration
Notice of Proposed Construction or Alteration in Airspace
Mineral Management Services
Outer Continental Shelf Renewable Energy Project Lease, Easement, or ROW Grants
Bureau of Land Management
Project Authorization/lease
Federal Energy Regulatory Commission
Project Authorizations, Operating Licenses & Exemptions
Army Corp of Engineers

Coast Guard .
Source: energy.hawaii.gov
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Interconnections
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Interconnection Agreements

-
) aps
b
Interconnection Requirements

* pre project discussion

Distributed Generation

Interconnection Elements

* Application

Arizona Public Service Company

* Technical Scoping
 Technical Studies

For Generating Facilities Interconnecting

To The Distribution System

o Feasibility

Salt River Project

o System Impact
TEP o Facilities Study

TUCSON ELECTRIC POWER COMPANY

R s St * Interconnection
Agreement

(“DGIRs™)

Conformed To ACC Docket No, E-00000A-99-0431
Decision No. 69674
June 28, 2007

Source: aps.com, srpnet.com, tep.com

Source: Freeing the Grid 2013. http://freeingthegrid.org/wp-
content/uploads/2013/11/FTG 2013.pdf
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Standards & Codes for Interconnection & Interoperability

IEEE 1547 IEEE 1547.1

DER Interconnection DER Interconnection System
System Requirements Testing

Over/Under Voltage
Over/Under Frequency
Synchronization

EMI

Surge Withstand

DC injection
Harmonics

Islanding
Reconnection

Voltage Regulation
Grounding
Disconnects
Monitoring
Anti-islanding

Smart Grid
Interoperability
Requirements

*  Energy Technologies
*  End-Use Applications
* Loads

NATIONAL RENEWABLE ENERGY LABORATORY
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Additional Resources

Utility Scale Selar Power Plants

California Uiy el Skt o on Pl v Pt

Solar Permitting e et e pene s
Guidebook

Impraving Permit Review and Approval
for Small Solar Photovoltaic (PV) Systems

v [— b Spgee
m Utiity-Scale Solar Pawer on Federal Lands

B uscmiso
B

i)

gt
Sohe Peeting Wk Grovm
i o e Kl e e e

http://opr.ca.gov/docs/California_Solar_Permittin http://www.ifc.org/wps/wcm/connect/04b38b804 http://www.seia.org/research-resources/utility-
g_Guidebook.pdf a178f13b377ffdd29332b51/SOLAR%2BGUIDE%2BB scale-solar-power-federal-lands-permitting-
OOK.pdf?MOD=AJPERES process
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Technology Deployment
Technology Deployment TechmologyDesoymen e
Project Development hnical R : ib
r Project Technical Assistance  1@Chnical Assistance for Tribes

“Tochnology Digteymmink Hom & priveable versien e NREL's State, Local, and Tribal program partners with Native American Tribes and Alaska ative VIllages, the UL.S.
Project Development 2 Department of Energy (DOE), and other fedaral agencies, non-profits, and intertribal rganizations to provide
Project Technical Assistance ~ DISEributed Generation Interconnection Collaberative T”I“H':““’"“ ;T;Z“:i:.l’t:’.‘.?:&f:‘:z:.zﬂ:i::x‘;’::‘::::::;2&:““““‘““ delivery and connect motivated tribal

e A HRFL facllitates the Distributed Genaration Interconnection sl

Callaborative (DGIC) with suppart from the Solar Flectric Power Research Campuses American Indian land comprises approximately 2% of the total U.S. and base X, representing an estimated 5%
Inbarsaticesl Association (SERA), the Electric Power Research Institte (EPRI) and  Decome @ Hember . State & Local Governments of the tofal U.S. ranewable energy generation porential. With a high value placed on community self-sufficincy
. Weshern hrea Pawer Admirsstration (WAPA} o foster knowledge DEIC members are induded in —— and self-determination, tribes and Alasks Native Villages are well positioned to lesd the claan energy market by
sharlng on distributed photoucitalc (PV) Interconnection practices quarterly informational meetings and 5 providing scalable sustainable community modals that are transferable to state, local, and national governments.
Farch Camymn Terareh, 3o Intevation tor ' enp ’ discusssions related to distributed PV ""L““ -
2 : Market Acceleratior )
Stalr & Local Gaversments "'":’I’”“"“ﬁ"'“‘ practices, research, e a Percentage of Total Tribal Generation Potential
Tribes * Identify and cvercome data and informational gaps G — - by R bl i
- + Address process and technical challenges 7 66%

Utilties + Enable infarmed decision-making and planning for the Far more Infarmation, contact Kristen Madels & Toals
Market Acceberation anticipated rise in grid-connected, distributed PV rescurces. Ardan. Hews
Suctess Stories ¥aap up to dats with tha currnt Interconnaction |ssuss In tha Fubscrile 10 DGIC Updates
Salt Industry with the DGIC Intarconnection (nlghts. Learn about upcoming webinars and

other DEIC announcemants.

Quarterly Meetings
For mera informaticn on quarterty mestings, a0 up to receive h‘

updatas fram tha DGIC taam. . o )
-
Upcaming Meeting 28%
Fmergent Considerations for Advanced Inverter Deployment
April 28, 2016, 2 pom. EST \
This reeting will feature speakers from NREL, SEPA, and Enphase Energy. This webinar wil highlight the factors i
that have restrained advanced invarter deplayment to date, the expariences of a faw ploneering wtilitles that are o o=z 2 -8
manving to deploy advanced Inverters in the fiald, and the current status of afforts to lower barbers to the use of 5% b
advanced inverters. The speakers wil highlight their research and work on these togics to defver timely insights - .06% .02% .02%
into the amerging paths forward for this promising technology. —_—
Solor PV csp Wind  Hyfiopower  Blomass  Geothermal
(Solk) tHroinemml)

Rul,  (Conconts
ity Scale)  Salai

Source: http://www.nrel.gov/tech deployment/dgic.html

http://www.nrel.gov/esi/news/2016/21629.html|

Source: http://www.nrel.gov/tech _deployment/tech_assistance_tribes.html

Other resources: IREC, BLM, solarpermit.org, EERE.....
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David Narang

Principal Engineer, Power Systems Engineering Center
National Renewable Energy Laboratory (NREL)
david.narang@nrel.gov
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