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21 Outline

* What 1s a Microgrid

* Microgrid Operation

* Project Process

* Costs and Case Study




31 Microgrid Benefits
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5 1 Definition of Microgrid

Department of Energy Microgrid Definition

“A microgrid is a group of interconnected
loads and distributed energy resources within
clearly defined electrical boundaries that acts
as a single controllable entity with respect to
the grid. A microgrid can connect and
disconnect from the grid to enable it to
operate in both grid-connected or island
mode.”




s | Microgrid and Electric Power
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The grid is the keystone infrastructure — central to the web of
inferconnected systems that support life as we know it




Traditional Electric Grid and Microgrid
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9 I Microgrid lllustration

Illustration by Michael Schrader / Affiliated Engineers, Inc. https://aeieng.com/news/economic-and-sustainability-benefits-of-smart-grids-and-microgrids



https://aeieng.com/news/economic-and-sustainability-benefits-of-smart-grids-and-microgrids

10 I Microgrid Complexities
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12 1 Microgrid Operation
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13 1 Microgrid Operation
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14 1 Microgrid Operation
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15 | Microgrid Operation
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16 ‘ Microgrid Operation
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17‘ Microgrid Operation
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18 ‘ Microgrid Operation
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20 I Microgrid Major Devices

« Distributed or Central Electrical Generation
« Generators (Diesel, Natural Gas, Propane, Hydrogen, etc)
« Renewable Energy (Wind, Solar, Hydro, Geothermal, etc.
« Energy Storage (Batteries, Flywheels, Hydrogen, etc.)
* Fuel Cells

» Isolation, Switching and Protection
* Reclosers
« Automatic Transfer Switches (Building, 15kV, etc.)
« Breakers (Manual, Automatic, Shunt Trip)
» Relays (Configurable)

« Controls and Communication
» Microgrid Controller (Central, De-centralized, etc.)
» Generation Controller (BMS, Diesel Control, et.) ' I
« Building Controller (Building Management System, etc.)
« Communication Medium (Fiber, Copper, Radio, Cell, etc.)

o OTH E R Microgrid Cont;oller ‘
« Balance of Plant (Enclosures, Foundations, Transformers, etc)
» Physical Security (Fences, Locks, etc.)






2 | Project Conception

- Resilience Methodology

B BlueSky Methodology

Inputs . o Inputs - Integrated Methodology
o Resilience objectives o Threats for area
o  Consequence categories o Hazard magnitude of
threats
o Fragility curves Inputs Inputs
o  Baseline system o  Traditional resilience
configuration technology selections
Inputs o Blue sky and emergency o  Base case system
o Infrastructure types & e 9 load profiles configuration
locations
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System topology
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Conduct Survey of
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Stakeholders

Select Design and
Develop Implementation
Plan

Multi-Criteria
Comparison of
Conceptual Designs

Plan & Analyze
Alternative Conceptual
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Inputs

o  State-of-the-art resilience
technology selections

o Alternative design system
configuration(s)

o  Mitigation options




23 1 Construction and Commissioning

Project

Programming

Commissioning Team development - Roles and responsibilities,
Application(s) selection, System selection, codes and standards,
Specifications, SO0, ES&H requirements, DAS design.

Lesson Learned:
Contracts for Independent testing/commissioning

Depend":]g on size and Procurement agent, Team roles and responsibilities, Factory
complexity, test (Warranty)

commissioning could
take 1 day Olj 1 . Design verification. Factory testing,
month. But it will Construction Develop test procedures based on
always take more time PNNL/SNL Protocol, Inspections
than you think.

Operational (OAT), Start-up, Functional (FAT) - Commissioning/
SNL/PNNL Protocol , Shakedown (safety), s

baseline measurements, training, emergency Testing
response

*  Operational monitoring,
Warranty, Predictive
maintenance

Operation
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Sandia Energy Surety Microgrid Efforts

Conceptual
Designs/Assessments

Small Scale
Microgrid Demos

Large Scale
Microgrid Demos

Operational
Prototypes

Creech AFB - FY12 DoD
Soto Cano — FY12 DoD
West Point FY12, DoD/DOE
Osan AFB, FY 12, DoD

Philadelphia Navy Yard — FY11, DOE
OE/PIDC

Camp Smith — FY10, DOE FEMP

Indian Head NWC - FY09, DOE
OE/DoD

Ft. Sill - FY08, Sandia LDRD
Ft. Bliss = FY10, DOE FEMP
Ft. Carson — FY10, DOE FEMP

Ft. Devens (99t ANG) — FY09, DOE
OE/DoD

Ft. Belvoir — FY09 DOE OE/FEMP
Cannon AFB - FY11, DOE OE/DoD
Vandenberg AFB — FY11, DOE FEMP
Kirtland AFB — FY10, DOE OE/DoD
Maxwell AFB — FY09, DoD/DOE
Alaska Villages— FY12, DOE
Bagram — FY13, DoD

Kuwait — FY15, DoD

29 Palms - FY14, DoD

Korea Naval Academy — FY16, DoD
Kaui - FY15, DOE

Northhampton, MA — FY14, DOE
Hoboken, NJ — FY16 DOE

New Orleans — FY17, DOE

NJ Transit — FY17, DOE

UPS in KY - FY17, DOE

Puerto Rico - FY19, DOE

Kirtland — FY20, DOE

* Maxwell AFB — FYQ09,
DoD

* Ft. Sill = FY09, DoD w/
SNL serving as
advisor

* Kirtland DC Microgrid
- FY19, DoD

* SPIDERS JCTD -
FY11, DOE/DoD

* Camp Smith
* Ft Carson
* Hickam AFB

* Cordova - FY19,
DOE

* H.R. 5136 National
Defense Authorization
Act
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Case Studies: California Energy Commission

« 2018 - Navigant performed a review on 9 microgrids within the
California Energy Commission

* Microgrids range from 153kW to 13.5MW

» All 9 microgrids consisted of solar plus storage

* Generation mix was 88% Clean Energy and 12% Fossil Fuel

» Types of Economic Mechanisms

Energy Management Services Agreement: Contractor supplies
demand response to SCE (cost savings split between owner and
contractor) and owner pays monthly maintenance fees

Power Purchase Agreement

Service Contract: Contractor provides reduction to demand
charges and splits savings with owner

Arbitrage for residential: Research purposes not economical
Utility Owned: Peak shaving mitigation

Lease to Own: 7 year contract which lease is based on monthly
electric savings (Freeze monthly electric bill)

Private Investment: Reduce GHG and resiliency

Government Investment: Military Construction (MILCON)

Source: Navigant Research, “Microgrid Analysis and Case Studies Report”, CEC-500-2018-022, August 2018



27 1 Value Proposition

Renewable energy integration 7“277
Resiliency 26
Bill savings / demand charge abatement
Reduction of carbon footprint 26
Reliability
Provision of energy and capacity services
Provision of ancillary services
Linkage to Virtual Power Plant = California
Future transactive energy revenue = North America
Non-electricity services (thermal, water, etc.) = Global
1 2 3
Average Importance of Value Proposition
(0=not important; 3=essential)
Source: Navigant Research, “Microgrid Analysis and Case Studies Report”, CEC-500-2018-022, August 2018




28 ‘ Microgrid Costs
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Source: Navigant Research, “Microgrid Analysis and Case Studies Report”, CEC-500-2018-022, August 2018



Microgrid Case Study: Blue Lake Rancheria

« Location: California

» Application: Energy demand
reduction, resiliency, reduce GHG

« Cost: $6.3M

 R&D Cost: 20%

- Expected Revenue: $200k

» NPV: positive at ~20-25 years

i
https://schatzcenter.org/blrmicrogrid/

PG&E Grid

Protective Relay
I [Point of Comman Coupling)

\
Project Timeline: 24 Months m L .
Unplanned Outages: 4 in 2017 .1
Carbon Reduction: 175 tons CO,
PV: 15% of load demand

Lowds

{>300 kW comtrollable )
https://schatzcenter.org/blrmicrogrid/



https://schatzcenter.org/blrmicrogrid/
https://schatzcenter.org/blrmicrogrid/
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Contact Information

Benjamin Schenkman

blschen(@sandia.gov
(505) 284-5883

Dan Borneo

drborne(@sandia.gov
(505) 284-9880

Carl Unis
cjunis@sandia.gov

(505) 844-5312
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