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DER Topics (with some History) 

US Generation and DER

PV Trends and 

Grid Integration

– Evolving standards, inverters 

and assessment tools 

Grid Storage Update, 

Valuing Tool

Grid Modernization and 

Integrated Energy Network
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The electric system started with distributed energy in the 

US.  Are we heading back to Microgrids? 

1900 1950 2000 2050

100% 
Centralized 

(all T&D with 
large central 

stations)

Fully De-

centralized    

(all DG)

What is the  
future path?

PURPA (1978)

Energy Policy Act (1992)

Rolling Blackouts in 

California Begin (many 

people look at DG as 

solution)

Edison Pearl Street Station (1882)

First US Use of  AC Transmission (1886)

Government 

promotion of  

centralized 

system (TVA, 

REA, Hoover 

Dam)

August 14, 2003 

Northeast Blackout

Distributed 

Renewable Lower 

cost PV  
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From EIA Database

USDOE EIA, Trends in Central Generation (billion kWh)

March 2016 Electricity Report 
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Changing Landscape with

Distributed Energy Resources (DER)

Combined Heat & Power

Demand Response

Home Energy Management

Rooftop Solar

Electric Vehicles

Large-Scale Solar

Energy Storage

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

Power Plants in 

February 1976  

• Solar-thermal generating 

stations most promising 

• Photovoltaic conversion is 

attractive but further away 

• A part-time operation with

full time customers needing 

24/7 availability 

• Capacity displacement is 

a concern

• Storage the key

Outlook: 1-2% of the nation's 

electric power capacity by the 

year 2000
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Noting History… PV Module Price Trajectory

PV module prices have 

declined by 20% with each 

doubling of deployment

Module price (not cost) history is shown over 40 years' of market 

growth from 300 kW in 1976 to 300 GW in 2016, increasing 106 times.
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*Average sales price and shipments data source: P. Mints, SPV Market Research, www.spvmarketresearch.com

~282 GW 

7 GW

IEEE 1547a

allows grid 

support
US 

PURPA 

1978

Grid connection  

standards for DER 

(IEEE 929, 1001 and 

installation NEC 690
IEEE 

1547

77 MW
.2 

MW

http://www.spvmarketresearch.com/


9
© 2017 Electric Power Research Institute, Inc. All rights reserved.

PV Hosting Capacity Explained (NY Solar Summit 2005) 

2500 cases shown

Each point  = highest primary voltage

ANSI voltage limit
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Increasing penetration (kW)

Minimum Hosting Capacity

Maximum Hosting Capacity

Total PV: 

540 kW

Total PV: 

1173 kW

Voltage violation

No observable violations regardless of 

size/location

Possible violations based upon size/location

Observable violations occur regardless of 

size/location
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Hosting Capacity Maps Inform DER Developers

Hosting Capacity Maps courtesy of NYSEG/RGE
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DER being considered in NY utility distribution planning

New technologies will likely increase 

hosting capacity estimates
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Distributed Energy Resource Integration, Valuation, and 

Estimation Tool (DRIVE)

• Load flow data

• Short-circuit impedance data

• Existing DER data
Input

• Directly calculates DER 
impact

• Considers many DER 
scenarios

Analysis

• Node by node DER impact

• System-wide results

• Fraction of the time for 
analysis

Output

Existing Planning 

Tools
(CYME, Milsoft, 

Synergi, DEW, 

PowerFactory, etc.)

EPRI 

DRIVE 

Tool
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 Detailed Analysis –

use of power system 

analysis software to 

understand DG and solar 

impacts based on 

stochastic analysis 

 Interconnection Screens

– such as NY SIR, FERC 

SGIP fast-track screening 

or in CA rule 21 screening 

procedures

Bridging the Gap in Distribution Planning Between:
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Breadth

Increasing number of feeders 

Few feeder models: highly detailed 
for demonstration projects

Portion of feeders 
modeled: sufficient for 
traditional planning

Most feeders modeled:
sufficient for traditional planning

No feeder
models

DRIVE
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Increasing number of feeders 

Few feeder models: highly detailed 
for demonstration projects

Portion of feeders 
modeled: sufficient for 
traditional planning

Most feeders modeled:
sufficient for traditional planning

No feeder
models

Interconnection Screens

Detailed 

Analysis
Interconnection 

Screens

Speed

Accuracy

DRIVE
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Future application is Automated Interconnection Screening

Fast Track 

Screening

No technical analysis 

necessary

Application for Interconnection

Supplemental Review

Technical Analysis

required

Pass

Fail

Pass

Interconnection Approved

Detailed Study

Fail

DRIVE



15
© 2017 Electric Power Research Institute, Inc. All rights reserved.

lower

higher

H
o

st
in

g 
C

ap
ac

it
y

lower

higher

H
o

st
in

g 
C

a
p

a
ci

ty

Existing 

Hosting Capacity
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After Integration Solutions

Suite of Integration Solutions

Hosting Capacity Violation

Mitigation Solution Voltage Thermal Protection
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Reconductoring

Voltage uprating

Transformer replacement

Additional voltage regulator

Comm/control (curtailment)

Additional relaying
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s Voltage regulation changes 

(LTC adjustment, etc.)

Relay setting modification
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Smart Inverter (var control)

Smart Inverter (watt control)

Distributed var control

Energy storage

PV panel orientation

Demand response

Yes No Maybe

Tools like DRIVE can point to the best mitigation choice for 

a particular application (wires or non-wires or operational) 
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Transformation of the Power System

A Highly Interconnected Power System 
that Optimizes Energy Resources

Energy storage can play key roles across the grid

Bulk Storage: 

Provide peaking and 

ramping service and 

increase grid flexibility

Distribution Storage: 

Give operators more 

control over power flow

Customer-Sited Storage: 

Decouple loads from the grid



17
© 2017 Electric Power Research Institute, Inc. All rights reserved.

Batteries and the Grid: The Front Runners 1981
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Batteries and Grid Storage (worldwide as of 2015)

California Grid Target

1325 MW

Pumped Hydro

144,000 MW

2,700,000 MWh

Grid Batteries

887 MW

1700 MWh

Grid Thermal

1,850 MW

13,000 MWh

Grid Air

437 MW, 4,011 MWh

Grid Flywheels

965 MW, 19 MWh

Grid Hydrogen 

4 MW, 52 MWh

U.S Non-Grid EV on the 

Road in 2015

11500 MWh

Consumer Electronics 

Battery Capacity Sold in 2015

55,000 MWh



19
© 2017 Electric Power Research Institute, Inc. All rights reserved.

Old challenges are beginning to go away

Advanced Technologies

Lower costsNew Business 
Models

Lithium Ion Battery Cost

$0
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Worldwide Vehicle Battery Production Capacity (packs/yr)
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Regulatory
Rulings

Policy Action

• Technical Challenges

• Performance

• Efficiency

• Life

• Economic Challenges

• High Cost to Values

• Need to Small Value 

Streams

• Regulatory Challenges

• Lack of clear definition

• Framework designed

for existing grid
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Developing analysis tools

Progress by utilities and 

industry to develop 

standard analysis 

methodologies

EPRI Energy Storage Valuation Tool (ESVT) 4.0

ESIC@EPRI.COM

mailto:ESIC@EPRI.COM
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StorageVET™
Storage Value Estimation Tool: www.storagevet.com

 Web-hosted tool, free to the public 

 Project cost-benefit analysis

 Time-series constraints and dispatch 

optimization simulation

 Multi-services optimization and 

stacked services

 Customizable for location, technology, 

sizing, use cases

 Made public through funding support 

from the California Energy 

Commission (CEC)

Accessible Transparent

Validated Customizable

StorageVET Goals

http://www.storagevet.com/
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Inverter grid support makes a big difference….reality is 

settings are critical 

PV at Unity Power Factor PV with Volt/var Control

2500 cases shown

Each point  = highest primary voltage

ANSI voltage limit

ANSI voltage limit

Increasing penetration (kW)
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Increasing penetration (kW)

No observable voltage violations regardless of PV size/location

Possible voltage violations based upon PV size/location

Observable voltage violations occur regardless of size/location

Minimum Hosting Capacity
Maximum Hosting Capacity

Minimum Hosting Capacity

Max Hosting Capacity
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IEEE 1547 – 2003

 DR shall not actively regulate 
the voltage at the PCC

 DR shall cease to energize if 
frequency >60.5Hz

 Tighter abnormal V/F trip limits 
and clearance times

 Communication capability 
required at 250kW

Revised IEEE 1547 – 20xx

 DER may actively participate in and 
must have some headroom to regulate 
voltage by producing reactive power 

 DER shall be permitted to provide 
modulated power output as a function 
of frequency. 

 DER is required to ride-thru momentary 
voltage and frequency excursions and 
trip limits may be widened under mutual 
agreement with operators

 All DER must have communication 
capabilities.

New IEEE 1547 changing expectations for DER

Moving from Accommodating to Integrating DER
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Smart inverters now included in IEEE requirements have 

been around a while ….Key testing in Albuquerque, 1987

• NEC Article 690, PV 

System Installations, 1984

• IEEE 929 - Recommended 

Practice for Utility Inter-

face of PV Systems, 1988

• IEEE 1547 – Standard for 

Interconnection to Electric 

Power System, started in 

1999 and published 2003 

• APS Solar Test and Research Facility (STAR) – Commissioned 1988

• AZ Corporation Commission – “PV Versus Line Extensions: Creating 

Informed Consumer Choices,” David Berry, Robert Gray, Sept. 1992

• AZ Dept of Commerce and ACC, “The Solar Electric Option,”  Aug 1993

Tom Key, Sandia Lab, Albuquerque, NM July 1987
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Grid Modernization Roadmap for NY in Progress

 Who – NYSERDA, EPRI and stakeholders  

 How – Look at current vs future states,  

Gap Analysis leading to state R&D plan 

 What – Areas of focus are Planning, 

Operation and Support Systems
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AGILe, an Energy Laboratory in NY:  Advanced Grid 

Innovation Lab for Energy

Collaboration: NYPA, NYSERDA, NYISO, NYS Utilities 

and EPRI, to include industry and academia in the future. 

Focus: next generation power system energy 

management, cyber security, protection, sensing, control, 

and power electronics. 

Objective: address common challenges facing NY’s electric 

industry to implement REV and modernize grid.

Research Ideas: So far coming from NYS Utilities and 

NYISO

Next Step: going to NYPA Board of Trustees in July for 

funding approval 
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NY REV concepts being complimented around the world:

Available at: http://ien.epri.com

Using Cleaner

Energy through 

Efficiency and 

Electrification

Producing 

Cleaner 

Energy

Integrating 

Energy 

Resources

e.g. EPRI’s Integrated Energy Network

http://ien.epri.com/
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Together…Shaping the Future of Electricity

Contact:

Tom Key, EPRI Knoxville, TN

865-218-8082

tkey@epri.com

mailto:tkey@epri.com

