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Agenda: Preparing the Grid for Solar

» Making best use of grid “Hosting Capacity”
= Zeroing in on smart inverter settings

= Streamline PV-grid
study methods In
analysis tools

* Improve methods
to include any DG
In system-wide
grid planning




Changing Landscape: An Integrated Grid is a Better Grid

For more information
on-line at: EPRI,
The Integrated Grid



Analysis tools need to consider realities of PV generation

December 2011: Tennessee 1MW PV System Power

Calendar profiles are 1-minute averages derived from 1-sec data
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Individual feeder PV “Hosting Capacity” is important

O pPv
Systems

Distribution Feeder s
PV Impact Heat Map 0
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I Baseline — No PV

PV Penetration 1
PV Penetration 2
PV Penetration 3

Beyond...

Process is
repeated
100’s of
times to
capture
many
possible
scenarios

Increase
Penetration Levels
Until Violations
Occur

voltage
protection
power quality
thermal
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How much PV can the
existing grid host?

'

EPRI's approach is
o determine how
m_UM (hosting
capacity) can be
accommodated
before adversely
impacting a feeder

EPRI White Paper summarizing
~ 5 years of research on the
Integration of DER.

Search “Title, EPRI and
3002004777"
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Distribution Feeder Hosting Capacity:
What Matters When Planning for DER?

April 2015
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Example: Overvoltage related hosting limits
for a selected feeder

Maximum Feeder Voltages (pu)

Increasing penetration (kW)

-
o
3]
(5]

Minimum Hosting Capacity
¢Maximum Hosting Capacity

Total PV:
1173 kW

Voltage violation

n=62
Max=1.0516

No observable violations regardless of
size/location

]

Total PV:

Observable violations occur regardless of
size/location 540 kW

Possible violations based upon size/location
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Challenge: Each Feeder has unique response to PV

_ Feeder Construction
DER Size and and Operation

Location

Unceontrolled
DER Ceployment

Optimal DER
Deployment

Impact

Impact Threshold

Feeder

Total DER Penetration

Impact
Depends

EPRI supports “OpenDSS” a public o ' - '

1 2 3 4
software for research and education Hosting Capacity (MW)




Spatial- and time-based feeder with PV demo
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Inverter grid support makes a difference

PV at Unity Power Factor PV with Volt/var Control
Minimum Hosting Capacity Minimum Hosting Capacity
¢Maximum Hosting Capacity i Max Hosting Capacity
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No observable violations regardless of PV size/location
Possible violations based upon PV size/location

Observable violations occur regardless of size/location
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Best settings for inverters vary.... it depends

==\/oltage Variablity
——Regulator Tapping

Losses

Available Reactive Power (pu)
o

\

0.95 1 Voltage (pu) 1.05 1.1

depend on performance objective

-1

=1 1X Inverter

=] 0X Inverter

Available Reactive Power (pu)
o

1
=

0.95 ) 1.05 1.1

1 Voltage (pu

depend on inverter sizing
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depend on feeder characteristics

—+—Overall best

—+—Variatle Solar, peak load
—E&—Variakle Solar, offpeak load
—¥— Overcast Salar, peak load
—E&—0Overcast Sdlar, offpeak load
—¥—Clear Solar, peak load
—E—Clear Solar, offpea load

Simulatio
n Video

H H LI -
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Voltage (pu)

depend on load & solar profile
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Moving from research methods to everyday
utility analysis tools

% ANy Location v
' Apply Methods 1], noimpact (-

DER Distribution

DER Location ~ U

Location X

Get Data g h Potential risk —%
(e.g. from in g |
CYME, Milsoft, %" Show Output
Synergi, DEW) =

’ DER L:cation :

Details on Streamlined Method: EPRI Report 3002003278
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Extending method to system-wide planning for DER

*Hosting capacity
analysis is a first step...

*Thermal Capacity
Analysis

Protection

—Deferral of system

upgrades | R ¢
_Loss of life k \ ) ’ N \ I )
*Energy Analysis ” - —
—Distribution losses II F SAN
—Energy consumption ) '
=Cost/Benefit . .
Analvsi For more information Contact Bruce Rogers,
nalysis 423-341-4606 brogers@EPRI.com
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Sample from EPB serving Chattanooga, TN

*hosting capacity
I 0.0-1.4 MW
H 1.4-2.9 MW
Bl 2.9-4.3 MW

4.3-5.7 MW

5.7-7.1 MW

7.1-8.6 MW
B 2.6-10.0 MW

Substation-level e A
Hosting Capacity
e AR O Substation Marker

\' VZQ gf Feeder-level
/\. IQ‘ \ Hosting Capacity

-

System Hosting Capacity

(~ 300 distribution feeders)
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*Initial analysis results from TVA/EPB study, results not
finalized
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Potential: More automated technical screening coordinated with
longer-term distribution planning

Application for Interconnection

EPRI Streamlined
Hosting Capacity
Method

Automated technical
analysis

Detailed Study

A 4 A 4

Interconnection Approved

15
. . . =Rl
© 2015 Electric Power Research Institute, Inc. All rights reserved.

ELECTRIC POWER
EEEEEEEEEEEEEEEE




Together...Shaping the Future of Electricity

Contact:
Tom Key, EPRI Knoxville, TN
865-218-8082

tkey@epri.com




