
Microgrid Systems: Best Practices
ECREEE Sustainable Energy Forum: Dakar, Senegal

13 November 2018

André du Plessis

Schweitzer Engineering Laboratories



SEL
• Headquarters: WA
• US Manufacturing: ID, IL, WA
• Invent, Design, Build, and Support 

the Systems That Protect and 
Control Power Systems

• 5600 employees
• Product in 161 countries
• Africa offices: South Africa, Ghana

Presenter
Presentation Notes
In 2009, SEL became 100% employee-owned. We are one of only a few companies who have reached this pinnacle. Being employee owned lets SEL put our customers and employees first. Because our employees are our shareholders, there’s no short-term pressure to achieve quarterly results at the expense of what’s best for our customers or company in the long run.
 
SEL’s employees work from offices in 24 countries around the world. We truly are a global workforce!

(In fact, more than 50 languages are spoken on SEL’s campus in Pullman.)

Video – Employee-Owned: https://selinc.com/video/?vidId=108899



• Protection and control
• Automation
• Computing
• Software
• Precise time
• Security for critical 

infrastructure 
• Metering
• Communications
• Engineering services
• Training

We Provide End-to-End Solutions

Control 
Center

Generation Transmission

Distribution

Load
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SEL Is 
Consistently 
Ranked North 
America’s #1 
Favorite Relay 
Supplier Other Relay Manufacturers

SEL

Newton-Evans Research Company Survey: “The Worldwide Study of the Protective Relay Marketplace in Electric Utilities: 2016–2018; Volume 1: North American Market”
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Presentation Notes
The Newton-Evans Research Company periodically conducts an independent customer survey: “The Worldwide Study of the Protective Relay Marketplace in Electric Utilities: 2016–2018; Volume 1: North American Market.” 

The study reports survey results of utility protection and control engineers and engineering managers from 79 utilities. Respondents rank their top three choices for relay manufacturers overall.

SEL consistently ranks first in the overall ranking. We use the customer feedback provided in this survey as another performance gauge to evaluate and improve our processes, products, and services



• Winner of two international microgrid technology 
competitions: MIT & ENREL

• Top performer of a world-wide microgrid performance 
evaluation among 15 suppliers: NAVIGANT

SEL Leads in Micro Grid Control Technology



• Motor Oil Hellas, Greece

• GDF Suez, UK

• Braskem BA, Brazil

• REVAP, Brazil

• Chevron MSP, Africa

• Chevron JSM / Bigfoot, USA

• Motiva Refinery, USA

• Braskem RS, Brazil

• Marathon Oil, Africa

• Shaybah Refinery, Saudi Arabia

• Manifa Refinery, Saudi Arabia

• Ma’aden Phosphate, Saudi Arabia

• BALCO, India

• WAPL, Australia

• Chevron Wheatstone, Australia

• Chevron Gorgon, Australia

• International Paper, USA

• Chevron Kern River, USA

SEL PowerMax References (power management)



• TDX Power, Saint Paul Island, Alaska
• University of San Diego, California
• AEP Presidio, Texas
• Borrego Springs, California
• University of Bridgeport, Connecticut
• Port Hueneme Naval Base, California
• City of Woodbridge, Connecticut

SEL Microgrid References



SEL microgrid library provides cost factor management that optimizes 
(calculates):
• Energy price 

• Fuel price

• Generator transition cost  

• Generator efficiency curves

• Generator operation region constraints  

• Battery state of charge strategy

• Load and Generation Forecasting

• Dispatch Scheduling

SEL Microgrid Economic Dispatch Capabilities



• Multifunction protection

• Remote I/O

• Metering

• Power quality monitoring

• Programmable logic controller

• IEC 61850

• Sequence of Events recorder

• Embedded & Whitelisted

• Military-spec environmental ratings

SEL Relays are Microgrid controllers

• High-speed communication

• Continuous self-diagnostics

• Synchrophasors

• DC battery monitoring

• Human interface displays

• Trip and close controls

• Oscillography recorder

• No operating system

• 100s of thousands in operation



Relays Are Controllers for Small Microgrids
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POWERMAX® Power Management 
and Control System

Relay-Based Microgrid Controls

Presenter
Presentation Notes
All SEL microgrid systems are based on relays, so it is easy to make an SEL relay perform as a microgrid controller. However, it is impossible to make a microgrid controller act as a protective relay.
For small microgrids with below 10 MW generation, sometimes all you need are relays for all microgrid control functions. 
The plot on this slide shows the last 40 microgrid jobs performed by one of our SEL teams. Our SEL teams find that when microgrids are larger than 10 MW, we tend to use a centralized powerMAX® Power Management and Control System microgrid controller.



All-Relay Solution Architecture
Small, Simple Microgrids

Protection
Governor and Exciter Dispatch

Inverter Dispatch
Load Sharing

Voltage and Frequency Regulation

Reconnection
Load Shedding
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IEEE Compliance
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Presenter
Presentation Notes
The figure on this slide depicts a typical implementation of an all-relay microgrid control system. In this example, we supply an SEL-751 Feeder Protection Relay at the point of common coupling (PCC) and one at every distributed energy resource (DER). These relays intercommunicate with a daisy-chained Ethernet cable via IEC 61850 GOOSE. The PCC relay provides DNP3 summary data to the local SCADA or energy management system (EMS). The PCC relay receives all the SCADA controls and dispatches them to the DER relays.
The PCC relay provides the IEEE 2030.7 mandated transition functions, the IEEE 1547 mandated ride-through compliance, the IEEE 2030.8 data collection requirements, the A25 synchronization functions, and the decoupling/disconnection system that islands the microgrid via protection functions or the remote SCADA request.
The DER relays provide IEEE 2030.7 mandated dispatch functions; the IEEE 1547 mandated ride-through compliance; the IEEE 2030.8 data collection requirements; the load sharing, frequency, and voltage control systems; DER metering; and, of course, they protect the DER from damage as protective relays.



Communications

SCADA 
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and Control

SEL POWERMAX Central Controllers 
for Large Microgrids: Angola & Equatorial Guinea

SEL-2411 SEL-751SEL-735

Presenter
Presentation Notes
For larger, more complex power systems, the SEL powerMAX controller is employed as shown in the figure on this slide.
The powerMAX controller is a set of proprietary microgrid libraries running on a real-time automation controller (RTAC). To be a powerMAX project, the solution must be purchased from SEL Engineering Services (SEL ES) and follow strict quality control and testing processes. 
The powerMAX controller(s) have the functions shown in the bubbles, which vary by customer needs. This central controller uses Ethernet, serial, or time-division multiplexing (TDM) SONET communications to the SEL relays, meters, I/O modules, and SEL-2240 Axion® modules distributed throughout a customer power system.



SEL Microgrid Control Solutions Scale Up
Feature 100% Relay Solution POWERMAX 

SEL relays  

SEL controllers – SEL-3555

SEL POWERMAX libraries – Complete

Generators <10 MW >10 MW or mixed suppliers

Security Comprehensive Comprehensive

Hardware-in-the-loop 
(HIL) testing

Universal Power 
Flow (UPF)

RTDS® (Real Time 
Digital Simulator)

Grid topology One bus Unlimited complexity

Presenter
Presentation Notes
SEL offers the following two tiers of microgrid control systems (MGCS):
Tier 1. Relay-only controls and protection
Tier 2. Centralized powerMAX controls + relay protection
The 100 percent relay solution is commonly used for systems typically below 10 MW.
powerMAX solutions are used for systems above 10 MW. The complexity of the powerMAX system goes hand-in-hand with its capabilities. Many of the capabilities required for a multiple gigawatt islanded facility are not required for your local community microgrids.
Both systems use the relays for protection, but the relay solution uses these same relays for microgrid controls. An RTAC is not required for relay-based systems.
We have different testing regimens for each of these systems. All powerMAX systems undergo real-time digital simulator (RTDS) control hardware-in-the-loop (cHIL) testing before leaving the factory. Many relay-based schemes use our simplified Universal Power Flow (UPF) simulator for factory acceptance testing (FAT) instead of the RTDS to reduce cost and complexity.



Requirement Community Microgrid Industrial POWERMAX

Power reliability

Energy efficiency

Intermittent energy sources

Inverter-based generation

Payback period

Industrial and Community Microgrids 
Have Different Requirements

Years Days

Presenter
Presentation Notes
Each microgrid has a different set of requirements and priorities. 
The first and most important requirement to understand before selecting a control method is the resiliency and efficiency requirements. Resiliency in this context means reliability, which means “no-blink” power systems that do not black out. Efficiency in this context means minimal cost of operation and minimizing a payback period or return on investment (ROI). 
For example, community microgrids simply do not require the same reliability as instrail oil and gas facilities. A 5-second outage in a community is acceptable on a regular basis. A 5-second outage at an oil refinery may have dire consequences including environmental impact, toxin release, risks to human safety and life, and huge financial consequences on the order of millions of dollars a second for the first few seconds. We have seen outages in excess of $40M for a 1-second blink of voltage at an oil refinery. Because of this, the first time a microgrid system operates at an oil and gas installation, it pays for itself. 
In comparison, community microgrids have a payback period of months or years because the payback depends on energy efficiency and renewable energy for their ROI calculations. 
Intermittent energy sources (photovoltaics, wind turbines, and renewables) are not common in most industrial facilities. This is because they add complexity and they contribute no inertia and no fault current. Hence, they reduce power system reliability.
On the contrary, intermittent energy is an essential part of the ROI calculation for any community microgrid. It is therefore rare to see inverter-based generation in industrial sites. However, it is very common at community microgrids. These inverter-based generation sources may be photovoltaics, battery supplies, or small wind turbines. 
The payback period for an industrial powerMAX microgrid controller is generally within hours to days of being turned on. The payback period for a community powerMAX microgrid controller is generally months to years, and sometimes never.



FAST Load Shedding Prevents Blackouts 
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Presentation Notes
Fast load shedding is required very commonly to prevent blackouts. Many microgrid power system inertias are much lower than historical power systems—this is because inverters do not provide inertia to the grid. Thus, most renewables and batteries do not provide inertia to the power system, and this means a very twitchy power system with fast rate of frequency decay of frequency.
Fast rate of decays mean we have to get faster with our control systems to keep the lights on. This is a common issue with seamless islanding. Just a few years ago in microgrid conferences around the world, seamless islanding was considered an impossible achievement. However, we have been doing it for decades at SEL. This is because SEL does load shedding, decoupling, synchronization, and island operation, seamlessly within the relays, and we do it subcycle fast. We load shed so fast it does not disturb the inverters.



• Main Elements:
 2X diesel gensets with automated controls (320kW)
 3X Wind Turbines (225kW)
 160kW Flywheel with 25 kwh storage
 Combination of critical and non-critical loads
 Automatic load shedding and balancing

St Paul Island Microgrid



• Project Objectives:
 80% of all electrical and thermal heating requirements for the 

community of St. Paul by 2020 

 Supports the community's energy security goal

 Demonstrate the merits of Microgrids 

 Demonstrate integration of renewables as primary power sources

 Use lessons learned in communities throughout Alaska and beyond

 Develop and test a Microgrid Controller, with universal application

St Paul Island Microgrid Objectives



• Research Objectives (Department of Energy):
 Develop and test a Microgrid Controller, with universal application

 Reducing outage time of critical loads by >98% 

 Reducing emissions by >20% with renewables

 Improving system energy efficiencies by >20% with renewables

 Enhance energy resiliency and increase robustness

St Paul Island Microgrid Objectives



Add Dedicated Controller for Economic Dispatch

Generator Storage Wind Solar

Cost Factors

Weather

Energy price

Fuel price

Generator transition cost

Generator efficiency curves

Generator operation 
region constraints

Battery charging strategy

Presenter
Presentation Notes
Industrial schemes with a payback period of hours will have elaborate control systems to ensure the power system never goes down. They require a no-blink power system.
Commercial or community schemes with payback periods of years must focus on optimal economic DER dispatch and load management. To fill this need, SEL has developed a dispatch algorithm that resides in a small RTAC (the SEL-3505 RTAC) shown on this slide in the top right. This library dispatches any number of renewable or nonrenewable sources for optimal economic efficiency. This $800 SEL-3505 provides the same features as a $25,000 microgrid controller from our competitors. 
If you have the SEL relays, this little RTAC is commonly all you need to meet a small community microgrid control objective. Please contact SEL ES for a quotation on these libraries.



• KPP 1: Resiliency and Reliability (energy delivered to different 
loads)

• KPP 2: Onsite Fuel Usage
• KPP 3: Interconnection Contract (measuring the import and 

export of power at PCC connections)
• KPP 4: Ancillary Services (measuring the microgrid’s ability to 

generate additional revenue by providing services on request)

Microgrid Key Performance Parameters
(Price Factor Calculations)

Presenter
Presentation Notes
KPP 3: Interconnection Contract (measuring the import and export of power at PCC connections)
Exported energy
Exported energy over limit
Imported energy
Imported energy over limit
Reactive power over limit
KPP 4: Ancillary Services (measuring the microgrid’s ability to generate additional revenue by providing services on request)
Meeting dispatch command premium from grid to microgrid
Meeting demand command premium from microgrid to grid
Following volt/VAR support premium
Following demand response curve
Violating planned disconnect request
Meeting power factor request
Unplanned disconnect or failure to disconnect






• KPP 5: Power Quality (measuring violations of the 
clearing times defined in IEEE1547a-2014 standard)

• KPP 6: Microgrid Survivability (ability to optimize 
battery dispatch while maintaining a resiliency reserve 
of the battery’s state of charge in case of an unplanned 
event)

Microgrid Key Performance Parameters
(Price Factor Calculations) continued … 1

Presenter
Presentation Notes
KPP 5: Power Quality (measuring violations of the clearing times defined in IEEE1547a-2014 standard)
Power quality voltage violations
Power quality frequency violations




• KPP 7: Operation and Maintenance ( the cost of 
operating and maintaining a microgrid)

• KPP 8: Economical Operation
 The sum of all KPP’s. By analyzing these results, operators 

can develop strategies for achieving the highest possible 
KPP8 value

 Purpose: maximizing economic viability and profitability of 
the microgrid

Microgrid Key Performance Parameters
(Price Factor Calculations) continued …2

Presenter
Presentation Notes
KPP 7: Operation and Maintenance
Number of diesel starts
Number of combined heat and power starts
Number of battery cycles
Number of circuit breaker switches
Generators over nominal current
Transformers over nominal current
Cables over nominal current





• Physics are the same, 
big or small

• HIL testing simplifies 
commissioning

• Fast control systems 
prevent outages 

• Reliable load balancing 
maintains stability

• Advanced controllers 
are superior to PID methods

• Seamless islanding requires 
protective relays at PCC

• Security-in-depth 
is mandatory

• Engineering is required

Lessons Learned



Questions?
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