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Top Level

* DER ability to improve grid performance is well-established.

* Not all DER is grid-beneficial. Grid-beneficial DER is location and
attribute-specific.

* Tools and techniques to rigorously identify grid-beneficial DER are
proven.
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Nomenclature

* DER (distributed energy resources):

>

Distributed generation

Demand response

Storage (generation and demand response, four quadrants)
Close to load

*  Grid (power delivery network):

Bulk electric system

Local transmission and sub-transmission
Distribution feeders and elements
Substations and components

Loads and resources

Energynet
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Nomenclature

*  Grid performance improvement (“benefit categories”):
—  Reliability improvement (fewer, shorter outages)
—  Resiliency improvement (reduced exposure to major events)
—  Loss reduction (system efficiency)
— Emission reduction, carbon reduction
—  Fuel diversity
—  Load relief (avoided or deferred infrastructure costs)
—  Reduced utility operating costs
—  Voltage violation relief
—  Power quality improvement
—  Expanded CVR opportunity
—  Incremental capacity (RA capacity, local RA capacity)
—  Incremental energy

—  Incremental ancillary services capacity
» Demonstrable, directly attributable, quantifiable, priced

» If you can’t measure it and price it, it is not a real benefit
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Nomenclature

¢ Pricing (valuing) network benefits:

Direct, demonstrable result of one or more individual DERs
Avoids a [network operator] cost that will or would be incurred
Someone [customer] is willing to pay more

Economic damage function (VOS)

Location-specific

We are spending customers’ money

Energynet
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Energynet Platform

*  Unified wide-area network model incorporating regional transmission, substations,
distribution feeders
— Allows direct representation of individual distributed generation, storage, loads, etc.

*  Derived with software from existing legacy power system data
*  Visualization, simulation and analytics

* Integrated GIS, field sensing/monitoring, customer metering, market data

*  Web-based application platform
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Why?

e Visibility into grid conditions anywhere under any operating condition
* Accurate network representation of individual DER

* Direct observation of network interaction of DER — impacts and benefits
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Applications and Solutions

* DG interconnection
—  One-click evaluation
—  Regional low-impact site inventory
—  Regional impacts of intensive PV development

* EV charging
—  Network headroom, cluster identification
—  Managed charging — impact minimizing/value maximizing

* | Grid benefits of DG, DR, storage
High-value DER identification

—  Identify DER that can offset otherwise necessary network expansion projects at lower
cost

—  Network expansion project assessment

* Regional reliability risk assessment
* Low-cost CVR opportunities

*  Wide-area situational awareness with legacy sensors and monitors
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AB 327 DRP “Use Case” [from MTS WG]

* Expand the use of customer-side, distributed resources to...

— provide local generation capacity needs (i.e., local RA capacity)
—  defer or avoid network infrastructure investments

—  provide safety benefits

—  provide reliability benefits

—  provide “other” grid savings or cost reductions

* Identify ‘optimal’ locations for DER deployment [to provide these
benefits’]

Direct relationship between individual DER projects and policy outcomes
Benefit-specific, location-specific, time/operating condition-specific

Aggregate capacity/size-specific

vV V V VY

Local and system-level view
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Energynet Optimal DER Portfolio Methodology

*  Define an “optimal” portfolio of hypothetical individual DER projects
that maximize grid benefits

*  Quantify the stack of grid benefits directly attributable to each project
(i.e., network location)

* Re-define the portfolio as conditions change

> The “location value of DER” is the value of potential grid benefits of an
optimal DER project at that location

> Procurement bogey

> Incentives and/or contractual terms (business model-independent)
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Optimal DER Portfolio Methodology

*  Optimal DER project characterization

Site location —_
Type

Size . .

. — |:> Procurement incentives and contractual terms
Operating profile
Dispatchability
Gross benefits and value —

*  DER “loading order”

1.

2
3.
4

Operational settings, load redistribution, capacitors
DR

DG

Storage

* DER attributes defined by site host customer

*  Build DER Portfolio

Maximize voltage and loss benefits [subject to non-export DG limits]
Local overload relief, reliability enhancement, local capacity

* Annualized benefits derived from mapping of project operating profiles
and varying system operating conditions

13
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“Hobby” System Energynet Optimal DER Portfolio

3 ‘\ ’ﬂ - {gie]gﬁnelf‘ep T, !
GRAF’%‘?»?»EU‘ffIn . 5 .

3354228124 N 117°081 74755 W elev.' 1520 ft y & 7 Eyealti 250/07/mi

*  Hypothetical DER projects analytically selected for maximum grid
benefits, including overload relief and reliability improvement
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Music Substation and Feeders

Google earth
C

Vs . .
magenyiDate :11/413/206.1:3 ATy, 33:42:23'82: Y Eye alt 20.05 mi

* 115/12 KV substation; 14 feeders
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Music Substation DR

& Google earth
C

Y . .
magenyibate 1 111:3/26:113 v 337422 58 FAY Eye alt 20.05 mi

* Bias toward electrically remote, smaller sites
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Music Substation DG

Googlc earth

Eye alt 2005 mi

* Bias toward electrically remote, smaller sites, smaller DG projects
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Music Substation Optimal DER Projects

DR:
— 259 projects, 1.01 MW total
— 97% residential and small business

- DG:
— 827 projects, 4.927 MW total

—  87.7% residential and small business, 12% medium business and ag, 1 industrial

* Reduced reliability risk on three feeders
* Address 5.4 MW projected substation overload

* Loss reduction, voltage, and local capacity benefits

18
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Hobby System-wide Optimal DER Portfolio

*  DR: 3,000 projects on 55 feeders, 14.93MW total, 0.87% of load
*  DG: 3,000 projects on 73 feeders, 46.86 MW total, 2.75% of load
* Loss reduction: 5.9 MW

*  2.2% increase in system-wide minimum voltage

Note: voltage and loss optimization via GRIDfast analytics
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Grid Benefits of Distributed Resources

2011 Hobby System Network Expansion Projects
Annual Benefits

$8,000,000.00

$7,000,000.00

$6,000,000.00

Utility Reliability Value (VOS)

$5,000,000.00 m CVR Value*

NetBulk System Capacity Value

$4,000,000.00 = Ancillary Services Capacity Value

u System Voltage Security Value

m Locational or Congestion Relief Value*

$3,000,000.00 )
m P Loss Reduction Value

® Load Relief Value

$2,000,000.00 - ® Emissions Reduction Value
B Customer Reliability Value (VOS)

H Customer Power Quality Value

$1,000,000.00

-$1,000,000.00

=» Traditional network expansion project benefits are primarily in load relief

® 20
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Grid Benefits of Distributed Resources

2011 Hobby System Optimal DER Portfolio
Annual Benefits

$8,000,000.00

$7,000,000.00

$6,000,000.00
Utility Reliability Value (VOS)
$5‘0001000_00 m CVR Value*
NetBulk System Capacity Value
= Ancillary Services Capacity Value
$4,000,000.00

1 System Voltage Security Value
m Locational or Congestion Relief Value*

m P Loss Reduction Value

$3,000,000.00
® Load Relief Value

m Emissions Reduction Value

$2,000,000.00 ® Customer Reliability Value (VOS)

$1,000,000.00 ] H
$0.00 ; I ; . i ; : — .

Recontrols Networking 3 capacitors 3,000 DR Weckl DR 3,000DG Music DER
Projects Projects Projects Projects
{balance of)

B Customer Power Quality Value

=» Non-traditional projects can provide significant value, but in different categories,
e.g. local capacity, loss reduction and CVR.
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Grid Benefits of Distributed Resources

2011 Hobby System Optimal DER Portfolio
Annual Benefits

$1,000,000.00

$900,000.00
$800,000.00
$700,000.00 —
$600,000.00 Utility Reliability Value (VOS)

= CVR Value*®
$500,000.00 + — —

NetBulk System Capacity Value

$400,000.00 - — — | = Ancillary Services Capacity Value

1 System Voltage Security Value

$300,000.00 = Locational or Congestion Relief Value*

m P Loss Reduction Value
I m Load Relief Value

{
’[

$200,000.00

$100,000.00 - —— - —  mEmissions Reduction Value

B Customer Reliability Value (VOS)
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=» Certain DER projects on certain feeders yield significant value,
primarily due to reliability improvement.
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Grid Benefits of Distributed Resources

* Sample result: four optimal portfolio DG projects at different locations in

one feeder

* Different size, type, operating profile, and total value of benefits for each

“network location”

Non-PV SL::;T:(N‘ Off Peak Total P Total Energy -(I;zt:gljestionlLo Total Bulk E(r)r:iaslsion
BUS_ID Project Description Max MW Max MVAR Dispatch Volt Voltage Loss Value val $ tion Val Capacity Reducti

Profile otage Benefit  ($/yr) alue (3lyr) ~ cationValue \,_, gyr) Reduction

Benefit ($lyr) Value ($/yr)
Bus_15462_2289825E Residential PV 6.5 kW 0.0065 0 yes 537 3,180 32 778 32
Bus_15462_2289826E Residential PV 1.5 kW 0.0015 0 yes 176 734 7 179 7
Bus_15462_2289826E Residential PV 3 kW 0.003 0 yes 1,420 1,468 15 359 21
Bus_15462_2289827E Residential PV 5.5 kW 0.0055 0 yes 1,199 2,691 27 658 30
Bus_15462_P5466675 Medium Business Synchronous Off-Peak 238.2 k! 0.2382 0.1191 Off-Peak yes 1,549 46,672 - 2,897 25
23

Energynet
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Feeder-level Reliability Risk

10

Hobby Circuits Outage Risk Distribution (hours/yr)

2011 Forecast Case

-> Targeted DER can reduce reliability risk of those feeders most vulnerable to

random contingencies.

Energynet’
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Feeder-level Losses

Circuit Loss Rates (Summer Peak)
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-> Targeted DER can reduce losses on high-loss feeders

© 2015 NEW POWER TECHNOLOGIES

25

Energynet




Feeder Voltage Profile and CVR

Circuit Cross-Section Voltage Profile
1.05

W7 and W8
1.04 Hl‘\._\
1.03 [f/-_./., /

e

1.02

K

§ ;" [ —4—As Found
e / [ —m— With WDAT

Line Voltage Regulators

Voltage (PU)

e
o
©
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=» Targeted DER can flatten feeder voltage profile, enabling more extensive CVR
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Illustrative Potential DER Benefits

Loss reduction

Reduced energy to serve load (CVR)
Improved reliability

Avoided marginal capital projects

Improved power quality

Energynet

Large (250-feeder) utility system

Network Operator Customer Benefits
Benefits

$28/yr per customer

$18/yr per customer

$20/yr per customer $13/yr per customer
$68 per customer/ 10 yrs

$7/yr per customer

27
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Relevant Findings on Beneficial DER

*  DER can benefit power delivery system performance.
* DER project location and attributes matter. A lot.

* Beneficial DER projects can be identified and potential benefits
rigorously quantified and valued.

*  Benefits that persist over many operating conditions/hours yield more
value

*  DER projects providing multiple benefits yield more value

* Beneficial DER changes with real additions and changing conditions. Plan
to re-assess often.

® 28
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15 +

Energynet Simulation a Validated Predictor
of Actual System Conditions

Simulated MVA Flow vs. Field-Derived Values Individual Circuit Voltage Comparison
9-10-09 Hour 20 Fish 115/12 kV Substation

9-10-09 Hour 20

11

\
Voltage (PU)
N

(<%

"
ot
by 8

" |7 -
—

o s

h A 0.95 -

5 10 15 20 25
0.9 + T

*  Simulation voltage results within 2% of field data reads at ~650 widely-dispersed
locations

*  Area model produced from raw legacy utility data in one month

*  Area model updated in one day via secure web file transfer
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“Vineyard” Regional Transmission
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“Vineyard” Energynet
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“Peninsula” Regional Transmission
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“Peninsula” Energynet
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* 11 substations (58 CAISO pricing nodes)
* 41 distribution feeders
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Energynet Deployments

* SMUD
— > 750 feeder integrated T&D model commercial deployment
— DG Siting, EV Charging, GRIDplan DER apps
—  Elk Grove #1 system (competitive commercial pilot, 2010)

- PG&E

—  “Vineyard” system (51 feeder integrated T&D simulation)
—  Regional impacts of high PV penetration (CEC)

— 5 circuits; high EV penetration area (LAHFT)

—  EV Charging app (2012)

*  Southern California Edison
—  “Hobby” system (246 feeder integrated T&D simulation)
—  “Mountain” system (190 feeder integrated T&D simulation)
—  Full-scale demonstration; simulation validation (2004-2009)
—  Legacy sensors for a wide-are monitoring network and situational awareness

— DG Siting app (2010)

e Silicon Valley Power
— 48 feeder integrated T&D simulation; proof of concept demonstration (2003-2005)
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Vineyard Wholesale PV Evaluation

* Regional impacts of DER (PV in this case) at high “penetration” levels

* 46 individual distribution-connected wholesale PV projects

* Approx. 80 transmission-connected PV projects

Energynet’
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Findings on Feeder DER “Integration Capacity”

Wholesale PV development can and does result in “penetration” far
exceeding 15% of load.

Feeder export, transformer reverse flow and transmission reverse flow
(i.e., local generation exceedinglocal load) are common.

Reverse flow may impact the function of certain devices.

Feeder voltage impacts of variable generation are modest as long as
interconnections are not “weak.”

System voltage impacts are also damped by distribution feeder voltage
management

Potential for feeder and substation transformer overload under light load
or loss of load.

37
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“Stiff” Locations Limit System Voltage Impacts

of Variable PV Output

Voltage Impact Ratio Predicts Network Voltage Impact

35%

*
30%
25%

2

*
20%
Quasi-dynamic Voltage Impact
(percent of nominal voltage) &
15%
*

2

10% *
*
*
5% ’v s 4
3% :
0 e ® o *» o o
¢ 2
% L 2
0% T T T T T T T T T }
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0
Project/Site Voltage Impact Ratio

Voltage Impact Ratio = Utility Source SC (MVA) @ PCC + Project Rated Output (MVA)

Energynet'
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Conclusion

DRPs can incorporate rigorous quantification and valuation of direct grid
benefits of DER in a broad range of benefit categories by location.

DRPs incorporating DER as a system resource can have regional scope
(many substations and DPAs) and full feeder element detail.

Representing DER as connected within their feeders reveals their full
impacts and grid benefits.

Not all DER is grid-beneficial.

—  Location-specific
—  Size and characteristic - attribute-specific
—  Operational alignment with grid conditions

Distribution feeders can accommodate DG as a significant share of load —
with attention to interconnection sites and network characteristics.

39
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Energynet'

Supplemental Slides
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DG Site Evaluation App — 3 MW PV on 12 kV Feeder

[ New Power Tech - SoftGri x
€« C'  [J localhost/npt/

New Power diech

Energy Net™ T\

|| DG Site Evaluation

EV Charging Evaluation | GRIDplan DER

Site Information
Line Feature ID: 26000355

Size (Kw): 3000

Bus ID: Bus_M181201_ND45286966
Line Feature 1D : 26000355
Bus Number : 839902
Circuit Number : M181201

Neutral : #na
Sum ¥/R : 2.349752306392144
Min Rating MvA: 40

Substation Code : M18TX16912
Voltage Impact Ratio : 41.83466942790821

Transformer el MVA LTCEnabled  RegBus #
MI18TX16912 20.0 0
Get Info

D N N N N

AN

> feeder non-export limit
. Total PV = 119% of feeder connected load

< min upstream line rating
3¢ location
Feeder voltage regulation

Voltage Impact Ratio > 20

Max voltage impact: 1%

» Site-specific, multi-variable assessment in one click

41
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DG Site Evaluation App — 3 MW PV on 12 kV Feeder

Google earth

magery Date:"411(9/2014 3871508 50 NI21516:39 74 \W elev: 511t Eyealt. 6400t
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Energynet EV Evaluation App

[ localhost/npt/

DG Site Evaluation EV Charging Evaluation GRIDplan DER

Site Information
Feature ID: 25465554

Size (Kw): 12

Bus ID : Bus_A201202_ND45119350
Line Feature ID : 25465554
Bus Number : 7958764
Circuit Number : 4201202
Type: UG
Phases: 1.0
Meutral : #na
Min Rating MVA : 2.0
Substation Code : A20TX16912
Service Transformer Rating (k&) : 75.0
Service Transformer Peak Loading (k&) : 39.4644

Charging station size within service transformer headroom

(¢

E¥ Cluster Information

Bus ID Bus Number  Charging Station Rating (kiw)
MD45119379 821708 3
MND45119350 798764 1
MND45192089 621037 2

Get Info

Service transformer headroom

Other stationg in cluster

* Charging station site assessment in one click
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Turning data into situational awareness:

Graph Param

Data Points I

~ Currently Si

Service N
Flease ad

Type

Legacy Data

- Muliple Point Re

Paint Select | Multi-Service Point Selecll Oplionsl

~ Service Select
I EDNANPT.NPTUNIV | New Power Tech Universal Service ;I Print Grid | 837/4925

~Data Point Select
ID
77 7YOLTS 2 Y
1029640P 77C20019 OPERATION 1560 NZ& 0=0003 L
3 DEVICE T4
102964_Y 77C20019VOLTS 1205 VOLTS 0=0003
1029650P 77C20020 OPERATION 104 NZ& 0x0003
102965_D 77C20020 DEVICE STA CLOSE NA 0x1003
102965_Y 77C20020 VOLTS 120 VOLTS 0:0003
1029660P 88C20021 OPERATION 949 N/& 0x0803
102966_D 88C20021 DEVICE STA CLOSE NA 0x1803
102966_Y 88C20021 VOLTS 1209 VOLTS 0=0003
1029670P 77C20022 OPERATION 938 NZ& 0:0003
T T N I 7 o e o W oY o 7T s o T T Y 7 —
Display “Short Search/Sort

" 5 ID/Description is Search
I Time & Standard displayed in italics ‘—I I
[ Status Sting ¢ Extended

when extended " Case Sensitive & Sort on Point ID

information is .
unavailable. ™ Match Exactly " Sort on Description

I Raw data

Period —
Hrs: I_1

| Update = OFF

Selected Items - Service.Point

Add

Manual Add I
Remove I

OK I Cancel

Existing tabular data without topological cues
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Turning data into situational awareness:
=> Field Circuit Voltage Profile

Circuit 16349 Voltage
9/10/2009 Hour 20

1.05

1.04

1.03
2
- S N »
B | i - ¢ 16349 Field Data

1.02 )

"y
1.01
0 2 4 6 8 10 12 14 16 18
Line Segment from Substation ==>
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Turning data into situational awareness:
=> Energynet Simulation Validation

Circuit 16349 Voltage
9/10/2009 Hour 20

1.05

1.04

1.03
=)
E’; T 'S g
§ G - TN --#-- 16349 Field Data
£ et el b
e o , "8 R ---M-- 16349 Simulation

1.02 g

1.01

0 ; 4 6 8 10 12 14 16 18
Line Segment from Substation ==>
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Turning data into situational awareness:
Energynet Distribution Device-Level Visibility

Circuit 16349 Voltage
9/10/2009 Hour 20

1.05
1.04
Voltage at each structure
1.03
g 9= 16349 Field Data
Ef M- 16349 Simulation
(<]
= —<—Branch 889 Sim
1.02
—t=—Branch 807 Sim
.‘...,'
1.01
1 T T T T T T T T )
0 2 4 6 8 10 12 14 16 18

Line Segment from Substation ==>
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Project Assessment - C191201 Reconductoring

Voltage (PU)

1.2

1.15

11

1.05

0.95

0.9

0.85

0.8 -

C191201 Voltage Profile - D-2933 Cross Section

\

-

~

79

M N H N MO N HN® B = s - N T I B S )
o H AN MM TN o o~ 0 OO O AN AN M
o H o o

139
145
151
157
163
169
175
181
187
193
199
205
211
217

===> Buses Extending from Substation

—o— Summer Peak
~#—Reconductor

~#—VREG Relocated

=» The impacts of individual projects are directly observable.
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Notices

This report does not necessarily represent the views of the California Energy Commission, its employees, or the State of
California. The Energy Commission, the State of California, its employees, contractors, and subcontractors make no
warranty, express or implied, and assume no legal liability for the information in this report; nor does any party represent
that the use of this information will not infringe upon privately owned rights. This report has not been approved or
disapproved by the Energy Commission nor has the Energy Commission passed upon the accuracy or adequacy of the
information in this report.

&«

“Energynet”, “high definition” power system model, and “passive interoperability” are trademarks or registered trademarks

of New Power Technologies. All other trademarks and trade names used herein are the property of their respective
trademark holders.

The Energynet platform and its applications are protected under US Patent No.s 7,860,702 and 7,398,194 and patents
pending.
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About...

New Power Technologies is dedicated to moving advanced energy technologies

from theory to practical application. The company’s Energynet® technologies enable
power delivery network analysis and management with unprecedented transparency,
precision, and ease of integration to support high-performance and high-efficiency
network operation and planning.

Contact:

peterevans@newpowertech.com
(650) 948-4546

www.newpowertech.com
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