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Evolving energy landscape

Emerging Power SystemTraditional Power System

Source: Benjamin Kroposki. NREL

• Large Generation

• Central Control

• Highly Regulated

DRIVERS

• Increased variable generation

• More bi-directional flow at distribution level

• Increased number of smart/active devices

• Evolving institutional environment



Evolving energy landscape

Source: Bryan Hannegan. EPRI

Tomorrow’s Power System is Here Today (in Some Countries)

Grid Connections,

More DER



• Voltage regulation 

• Reverse power flow 

• Protection system 

coordination 

• Unintentional islanding

• Excessive LTC and 

regulator tap operations

• Load masking 

Major utility concerns

Now Wait 

Just a 

Minute!



Ensure DPV installations are “good grid citizens” that 
help

• Voltage and frequency match utility specs

– Reactive power control helps support voltage

• Voltage ride through and frequency ride through 

– Stay online during grid voltage of frequency dip

– Improve system stability with high DG saturation 

• No unintentional islanding

• Provide excellent power quality

• Maintain system protection and reliability

• Dynamic control

– Ramp rate and curtailment of real power

– Communication allows PV to be part of the utility system

Mitigation : goal



Mitigation : strategies 

Advanced inverters can 

improve voltage control 

Source: http://www.nrel.gov/docs/fy17osti/67633.pdf

• Advanced inverters (aka smart 

inverters)

• Modify protection settings/fuses

• Voltage regulation devices and controls

• Upgrades to the conductor

• Direct transfer trip (DTT) of the 

PV system

• Battery energy storage systems

• Other “smart grid” devices  



Three Levels of Sophistication

• Restricted zones (Where can’t I build a system?)

• Address-level search (Can I build a system here?)

• Feeder mapping (Where should I build a system?)

Interconnection capacity and mapping



Beyond hosting capacity – DG integration costs

Source: NREL
DGPV penetration 
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Different spatial 
distribution of PV

Mitigation 
strategy #1

Mitigation 
strategy #2

Source: EPRI



• Impact studies are part of the modeling and mitigation process for 

systems that fail fast-track screens and supplemental reviews

• Modeling allows you to see any issues (e.g. voltage) and come up with a 

solution

• Most models are simple voltage models. 

Interconnection impact studies



Integrated distribution planning concept

Forecast DG growth on each circuit

Establish the hosting capacity and allowable 
“penetration level”

Determine available capacity on each 
distribution circuit

Plan upgrades and expedite interconnection 
procedures based on IDP

Publish the results



Where
can I build 

a system?

How big 
of a system 

can I build?

How 

difficult
will it be to 

interconnect?

How

much
will it cost to 

interconnect?

How soon
will my system be 

interconnected?

Integrated distribution planning : Interconnection 

transparency

Capacity Analysis and Mapping

Performance Tracking and Reporting

Cost

Certainty

Public Queues



Questions?

THANK YOU

Kwami.Sedzro@nrel.gov



Questions

THANK YOU

Kwami.Sedzro@nrel.gov
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facilities, renowned 
technology experts

World-class
with industry, 
academia, and 

government

Partnerships
operates as a 

living laboratory

Campus

NREL at a Glance

2,050

Employees,

early-career researchers 
and visiting scientists

\

nearly

820

plus more than 

400
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NREL Core Capabilities:
Foundation for Innovation

System 
Integration

Innovation and 
Application

Foundational 
Knowledge

Systems Engineering 
and Integration

Large-Scale User 
Facilities

Biological and Bioprocess Engineering

Chemical Engineering

Mechanical Design and Engineering

Power Systems and Electrical Engineering

Applied Materials Science 
and Engineering

Biological Systems Science

Chemical and
Molecular Science

Crosscutting 

Advanced Computer Science,
Visualization, and Data

Decision Science and 
Analysis



Messaging + Blue 
Infographic 

Content
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Solar

Wind 

Water

Geothermal

Renewable
Power

Bioenergy

Vehicle Technologies

Hydrogen

Sustainable 
Transportation

Buildings

Advanced Manufacturing

Government Energy 
Management

Energy 
Efficiency

High-Performance 
Computing 

Data and 
Visualizations

Energy Systems
Integration

NREL’s Science 
Drives 

Innovation


