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The Electric Power System
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Looking Forward
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Interconnected but Not Integrated

Interconnected Integrated
Value of Grid Connectivity Value of DER and Grid

Voltage

Reliability Support

Emissions
Reduction

Energy
Transaction

Voltage
Quality

Integration Enables Values of all Resources J
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The Challenge — A Few Examples
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[
o

N
(9]
|

%
(=]
|

_Clear
2
l E Grid
\ Z 15 Supplied
/ o Power
E 10 -
; : 5 | | PV Array
_
0 T T T T T T T

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Time (s)

Moderate Overcast |

Voltage Quallty

150%

100%

0
N

0%

&
R

Amplitude (% Nominal Peak)

Grid Connected

-100%

Local Generation

-150% T T T T T T T

Time (mllliseconds)
CPE' ELECTRIC POWER
RESEARCH INSTITUTE

© 2014 Electric Power Research Institute, Inc. All rights reserved. 6



Meet the Challenge
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Foundation of An Integrated Grid

1. Grid Modernization

2. Communication
Standards and
Interconnection Rules

3. Integrated Planning and Operations

4. Informed Policy and Regulation



Action Plan

Inform
Stakeholders on
Key Concept &
Challenges
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Framework for
Different Designs

Global
Demonstrations

Data, Information

and Tools

Global Collaboration to Establish the Science, Engineering and Economics J
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Phase Il of Integrated Grid
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Guidelines

Addressing Key Industry Research Gaps to Inform
All Stakeholders
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Building Upon Prior Efforts

The Impact of L
Energy Resources Minnesota Value of
California Edison’s Methoc

and Distributiol Cost-Effectiveness of Energy Stor:

Application of the EPRI Energy Storage Valuat
Caiifornia Public Utilify Commission Proces . .
2002001162 Evaluation of Hawaii’s
Renewable Energy Policy

and Procurement

I
May 2012
Minnesota Department of Col

Division of Energy Re

Final Report

January 2014 Revision

Southern California Edison
istril and Technol

{;\) Clean Po\

owering Intelliger

T ———— @ v cviommentatcanamic

Many have contributed to specific aspects of the framework
Need comprehensive approach: connecting all puzzle pieces
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I Integrated Grid Framework

DERPenetration




Assessing Distribution System Impact

|

PV Impact

Distribution Feeder
PV Impact Heat Map
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O PV Systems

Baseline — No PV
Process is
PV Penetration 1 repeated
PV Penetration 2 ROl
to capture
PV Penetration 3 many possible
scenarios
Beyond...

Increase Penetration Levels
Until Violations Occur

» \oltage
* Protection

* Power Quality
* Thermal

=2l

ELECTRIC POWER
RESEARCH INSTITUTE

13



Understanding System Impacts of DER
A Energy, Capacity - Generation Capacity and
and Ancillary Central Generation Ancillary Service
Frequenc — Voltage and Frequency
Squporty ITEIEITESIEY
_ .. Increasing Re-dispatch
Loss Reduction Sub-transmission Transmission Constraint
IFeab) AVajelsel L - — Reverse Power Flow
CAPACILY T Substation I Reactive Power Balance

Voltage Support Customer Localized Voltage and
Capacity in Long Circuits
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Leveraging Prior Work
Cost Benefit Analysis (CBA)

“ M eth Od o I og ical Ap p roac h 7 Methodological Approach for

Estimating the Benefits and Costs
of Smart Grid Demonstration

* Jointly funded by EPRI the US Pt
Department of Energy and p
provides framework for S

eSti m ati n g be n efits an d COStS ! Guidebook for Cost/Benefit Analysis of Smart Grid
J an 20 10 Demons:::si;::rojects
CBA Guidebook, Rev 2
* Provides a manual for practical

application, with step by step
Instruction, Rev. Dec 2013
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DER Interconnection Requirements

1547™-2003

el Fut Int ti
IEEE Standard for Interconnecting uture interconnection

Distributed Resources with Electric Stan d ard S Sh ou | d Cons | d er

Power Systems

 Voltage Support

Standards Coordinating Committee 21

St Choaray oo zion * Frequency Support
* Fault Ride-Through
« DER/DSO Communication

Fublished by
The institute of Slectrical and Blectronics Engineers, Inc.
i Aenue, New

New York, NY 10015-5357, USA.
Print SHES14

28 Juiy 2003

EPRI working on recommended technical guidelines for voltage and
frequency ride through capability for DG based on new IEEE 1547a
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Integrated Planning and Operation

Distributed Establish technical requirements
Energy for transmission-distribution

R i i
?B%‘g)ce interface in a DER future

« Scheduling

Distribution Real-time balancing
System
Operator

(DSO)

Integrated markets

Transmission/
Independent
System

(ﬁ.)ggr/?gg) Integrated System Modeling

Planning

T&D operation

Requires a coordinated effort among all stakeholders
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www.EPRI.com/integratedqgrid

For Additional Information Contact
Ron Schoff at rschoff@epri.com or
Karen Forsten at kforsten@epri.com
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Modifying Connection Rules in Germany
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The Grid Provides Startup Power

Measured HVAC Startup Power vs. PV Output Comparison
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Grid Connectivity Reduces Harmonic Impact

~
150% (

—— Harmonic Distortion

100%

50%

0%

-50%

Amplitude (% Nominal Peak)

= Grid Connected
-100%

Local Generation

-150% I I I I I I I
0 2 4 6 8 10 12 14 16

Time (milliseconds)

CPE' ELECTRIC POWER
m—
RESEARCH INSTITUTE

© 2014 Electric Power Research Institute, Inc. All rights reserved. 22



The Grid Provides Transactional Value
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Germany’s System Curve with Increasing PV

80 System Peak
75—
70
S 65-
/ —— System Load
60 \\ // = = Current PV
/ 56 GW PV
554 \
\ / — — 84 GW PV
~.
50 I I I I I I I I I I I

0 2 4 6 8 10 12 14 16 18 20 22 24

CPE' ELECTRIC POWER
om—
RESEARCH INSTITUTE

© 2014 Electric Power Research Institute, Inc. All rights reserved. 24



