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Outline

0. What is a Microgrid?

1. Higher Electricity Use and More Waste Heat
2. Limits to the Conventional Wisdom Future
3. Heterogeneous Power Quality Requirements
4.The CERTS Microgrid

5. Distributed Energy Resources Customer
Adoption Model (DER-CAM)

6. Why Microgrids? Why Now?
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East Bay Municipal Utility District °
Microturbine Installation with Cooling
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What is a Microgrid?

A controlled grouping of energy (including
electricity) sources and sinks that is
connected to the macrogrid but can function
Independently of It.

Two Main Benefits to Developers of Microgrids:
e pushing efficiency limits by heat recovery (CHP)

 Providing heterogeneous power quality and
reliability (PQR)

There are other societal benefits.
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Key Microgrid Featureis s
Local Control
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History of U.S. Electricity Sector

phases of centralization
1. isolated developments (pre 1900)
2. consolidation and monopolization (1900-1933)
3. fossilization and total centralization (1933-1980)
phases of decentralization
1. independent investment (avoided cost) (1980-1995)
2. wholesale (and some retail) competition (1995- )

3. decentralization and full competition? (2000- )
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Development of the !
Danish Power System (1980-2000)

= source: Eltra (grid operator

A
r:}l il of western Denmark)
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Electricity Is a Bigger Share of s
Energy Use in Developed Economies

Fnal Energy Consumption by Fuel in Japan
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More Per Capita Electricity Use

Hectricity Consumption per Capita
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So, Much More Total Electricity

US Electricity Generation (TVWh)
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source: Annual Energy Outlook 2005, Energy Information Administration.
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More and More Heat I1s Wasted

Hectricity Generation By Fuel in Japan
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Expansion is All Central Station

Forecast U.S. Capacity Additions,
2000-2025
total = 400 GW
nat gas
. nuclear
combustion
. 1%
turbine
28% renewables
5%
distributed
generation
2%
10% of the DG is small-scale

source: Annual Energy Outlook 2005, residential/commercial

Energy Information Administration, DOE/EIA-0383(2005)
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Limits of Conventional Wisdom

e restrictions on power system expansion
—siting, environmental, rights-of-way, etc.

e centralized power system planning

e volatile bulk power markets

e economics drives operates closer to limits
e |[nsecure system

 multiple infrastructure interdependencies
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It Could Be a Rough Ride
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What Does Power Quality and =
Reliability Really Cost?

Cost of Outages
Reliability Provision Cost
Total Societal Cost
Effect of DER

Total with Effect of DER

Cost (9)

Reliability (log)
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An POR Pyramid

|standards

SLN3IW3HIND3Y "HOd

HIGH

MILITARY
COMMUNICATIONS?

current PQR A IMSERIED

SERVICES
(e.g. entertainment)

WATER HEATING, DRYING,
OTHER RESCHEDULABLE

\

WATER PUMPING

\

ENERGY BY AREA

e |Loads are often broken
down by time and
enduse but not by POR
requirements.

e The most demanding
PQR requirements are
not met.

e Highly sensitive loads
are small and they could
be smaller.
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Example CERTS Microgrid

sensitive loads
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CERTS Microgrid Research

Prior Program Activity

Current Program Activity -

Fundamental Microgrid Concept Defined o
Develop mGRID Software Future Program Activity D

|

Microgrid Protection Issues Paper

Beta Test mGRID Software

DOE Supported ) l )
Activity - T - - 'X

UWM Droop Control Theory

Possible Integration of Customer
and Power Flow Models

Survey of DER

Test Facilities Microturbine Testing by SCE/UCI
A proven, mature
. - Microgrid approach
Customer Adoption Model tly Funded Field De allows high penetration

of DG sources by
oviding a resilien

Microgrid

Standard Power Electronics Interface

CEC Supported

Activity

T T I Microgrid Testbed Testing Corr-

Initial Mtgs. W/CEC to Share Microgrid Concepts

Microsource Mod
CEC Microgrid Workshop Contract

Testbed Design/RFP Development

ceceees] 1999 2000 2001 2002 2003 2004 2005 2006 2010
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The CERTS Microgrid Is ...

e controlled by “customers” based on internal requirements
subject to the technical, economic, and regulatory
opportunities and constraints faced.

e designed and operated to jointly provide heat and power
and heterogeneous power quality and reliability.

» a cluster of small (e.g. <500 kW) sources, storage
systems, and loads which presents itself to the grid as a
legitimate entity, I.e. as a good citizen.

* Interconnected with the familiar wider power system, or
macrogrid, but can island from it.

o controlled by local intelligent inverter like power electronic
devices.
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DER Customer Adoption Model #
(DER-CAM)

w1 _/\
electricity
H—t
24 hours Customer Load Optimal
(hourly by enduse) Technology
N Choices
heat
e R—
24 hours

‘ Market Info Obti i
ptimal Operating
(tariffs, fuel prices) D E R‘CAM Schedule J
Dec.
DER Technology Info / Other Outputs

(generation & CHP) i.e., costs, energy
use, emissions
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Energy Flows Incorporating CHP

utility electricty total electricity only end uses
— electricity
on -site
generation
recovered
utility
& natural
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,;}l ‘ﬁﬁ technology adoption decisions
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Thermally Activated Can Offset 2
Expensive Building Peak Electricity

 TAC is a CHP technology
that uses low temp heat to
drive building cooling

(& dehumidification) using

absorption cycles.

—~~

*TAC is especially valuable E
if there is minimal building i
heating demand, and/or if it ©
displaces valuable on-peak 2

electricity. 2
(&
*TAC adoption/operation is 2

particularly hard to
simulate because of the
simultaneity of these
effects.
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Why Microgrids? Why Now?

1. Can growing electricity demand be met by
central station power systems alone?

2. Can growing electricity power quality and
reliability requirements be met?

3. Can we capture more waste heat to lower
carbon emissions?

4. What might a mixed scale power system
. look like?

L
FErrerer |||‘
Y|

Environmental Energy Technologies Division



