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A challenging environment

Today’s data center facilities are under
extreme pressure to improve
performance, operational efficiencies and
reduce costs. Continuous availability of
PR clectricity is critical to meet these goals

Our microgrﬁjt‘i" solutions help you achle\ﬁe
- Consistent supply of reliable, efficient énd
high-quality power
An adaptable, secure and responswe
infrastructure
Enhanced safety to protect people, property
and the environment
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Megatrends Impacting today’s US power gird
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Solar / Wind Cyber Security

Grid instability

Earthquakes
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The last 5 Years: Summary...

“What happens if Hoboken goes dark? Mayor
hopes a $50M microgrid will illuminate vital

buildings”

d raas cmdag

USA
Energy TODAY
hacked 09.10.15
159 times 1 camer coupair| ZTH® potamticl

fo! adw

in 4 years to disrupt, shut
Department kEa:E“p‘.E- :y;t:n':llﬂ. u:r
data on nation’s worse ... is
power grid, nuke here.”
stockpile, labs mm oo of the cispuilid
Steve Reilly ey e O
LISA TODAY

House Committee Meetings

Started Sept. 10th, 2015

» 53 gained “Super-user” privileges on DOE

computers.

» 19 successful attacks in 4 years on Nuclear
Weapons Stockpile Computers
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Renewables: Solar Profile

Speingervilie AZ, One Day at 10 Second Resobution
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The m|crogr|d energy system concept

Local “Grid Within a Grid”

* Delivers Power Resilience,
Reliability and Uptime

Distributed Energy Sources

¢ Backup Generation

* In-House Co-Gen

 CHP (Combined Heat and Power)

* On-Site Renewables and Fuel Cells

* Energy Storage (Batteries)

Microgrid Applications

* Islanding & Synchronization
Black Start

* Generation/Load Balance Control

Battery Energy Storage & Frequency
Regulation

>

man '«/-)j
[ ]

&

A group of generating assets and defined loads that
can operate within the utility grid or islanded from the grid,

. - Requires Control System “Glue”
as a self-sufficient stand alone application

to Achieve System Performance

E-T-N
- © 2015 Eaton. All Rights Reserved. 6
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Other Applications: Early focus areas for
energy storage & microgrids

PIM —

Now
«gg® Frequency
"= Regulation

California -
Now - by P , 4 :
Energy Storage el 17 ,_ Government
\ - 5 : & Campus —
Emerging
Microgrid /
Resiliency

-



Market segments differ on their goals for
microgrids and energy storage

Segment Goals

Utilities East: Coast: Navigant Research: 2014
Disaster Response

Reliability

Emergency Services

Mitary Bases
Forward
Operating
Bases

Developing
Country Off
Grid
Renewable Energy &
Electric Vehicle
Grid Integration

Ecotourism

Campuses

Campuses
with CHP P

without CHP

Fuel - Reduced
Savings Emissions

Mines

Utilities West
Coast Renewables
and Reduced
Emissions

Government &
Institution Segment
Focus: Savings

Driver

Energy Storage
Regulations

Resiliency
Regulations

Frequency
Regulation

Dependencyon
imported fossil
fuels

Need for energy
surety and
independence

Microgrid/ES Business Cases

Description

Fills need for grid
storage to complement
intermittent
renewables

Limits outages due to
natural events
(weather)

Supplants loss of coal-
fired base load power
plants

Need to embrace
renewables to offset
high fossil cost &
environmental impact

Military and
government drive for
energy surety at key
bases and facilities

Detail

California AB 2514- |0Us to
install 1400 MW by 2020 to
mate with 33% RPS reg.
400 MW in 2015

NY REV, numerous state
programs & regs to implement
microgrids

PJM- Wholesale price creates
viable business case for short
duration ES. ERCOT emerging

Impacts remote and island
grid environments using
renewables and ES to
minimize diesel use

Military bases and mission-
critical facilities critical to
national defense

Business Focus

California- Battery
installations

East Coast Sandy States-
CT, Mass., NJ, NY, MD

PIM territory- OH, PA,
KY WV, VA, NJ; Ontario;
ERCOT- TX

HI, PR, AK, Canada

DOD bases and key
facilities

EF:-T-N
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When looking for a microgrid solution

AN\

*Scalable system across applications and segments
*Versatile interface & global high-speed communications standards

Advanced «Minimize custom engineering and support through system lifecycle
Integrated Mécrog”d *Suite of optimization strategies meets microgrid goals across many segments
Solutions S;Setrg% sLeverage existing utility-proven hardware/software platforms
*Ability to retrofit and embrace legacy infrastructure
j *Full microgrid field support & consultation services /
*Deep microgrid application knowledge
Siialie *Power system engineering, advanced automation, and control
Application Utility «Utility distribution and generation system design and planning expertise
Expertise EXperier_lf_:e *Project management and turn-key implementation
& Capability *National service organization & presence
/ *Extensive generation and distribution installed base /

Foundation

E.-T°N

Full
Product &

Service
Supplier

FPowening Boiness Woddwde

*Ability to leverage wide Eaton product scope into microgrid
Utility distribution automation hardware, software, systems, services & planning

*Power transformers, reclosers, full utility distribution equipment line

eLow and medium-voltage switchgear, panelboards/switchboards, assemblies
*Generator paralleling switchgear

*PV and storage smart inverters

© 2015 Eaton. All Rights Reserved. 9
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Data Center industry drivers:

Powering Business Warldwide

Battery Grid Storage: energy stored in batteries can be used for
benefits beyond traditional UPS applications, supporting behind-
the-meter applications such as demand management, and utility
ancillary services such as frequency regulation

Islanding Capabilities: allow microgrid-protected commercial data
centers to maintain power when the larger grid fails

Reliability: Combined Heat and Power (CHP) as the scale of
cooling requirements increases, additional reliable uninterrupted
operation through extended periods of grid disruption is proving to

© 2015 Eaton. All Rights Reserved.




Microgrid Design and Use Cases
- Key Features

System Design

Open Comm
standards

SCADA &

enterprise
interface

Modular, Pre-
engineered
templates
Legacy asset
compatible
Adaptable to
future asset
changes

Seamless
islanding

Unintentional
(Seamless)
islanding

Fast grid-fault
detection,
isolation and
safety
interlocks
(IGET|
shedding
Source
management
Grid
reconnection

E.-T°N
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Black Start

Safety
interlock for
grid isolation
Gen and
renewable
source start-
up
Paralleling
sources
Power
Quality
stabilization
Load
sequencing &
management

Frequency &

voltage control

Islanded
generator
Freq. control

Generation-
demand
balancing
Supporting
renewable
dynamics
Ramp rate
control

Ancillary
services

Energy
storage

© 2015 Eaton. All Rights Reserved.

System Balance

Generation
and demand
priority
management
Fast load
shedding
Dynamic
demand
response
Dynamic
energy
storage
management

Protection
and fault

Renewable

optimization

Smart
inverter
controls

Energy
storage
integration
Adaptive
system to
weather and
price forecast

Renewables
maximization
option to
save fossil
fuel

Lowest cost

Utility
Demand
Response
functionality
Energy
arbitrage
TCO
optimization
Fossil fuel
conservation
Peak shaving
Load shifting
Conservative

voltage
regulation

12



Microgrid Design and Use Cases
- Key Features

Seamless Microgrid Load
; ; . . . Source voltage
islanding Immediate response to grid separation e—— d

— High-speed isolation from grid
Block inadvertent reconnection
Microgrid source outputs change to carry internal load
Microgrid sources regulate voltage & frequency
Excess load is shed to maintain stability

Breaker
Opening

Sustained control

Manage sources and loads to optimize stability and meet secondary targets
(maximize renewables, minimize fuel consumption, etc.)

( B
Intentional Islanding

Under certain conditions (e.g. severe weather) the

. microgrid may be islanded intentionally

Return to g”d *Microgrid sources and loads varied to achieve net-
Ensure stable grid supply zero power flow from utility
Coordinate microgrid voltage and frequency to match grid *Microgrid intentionally isolates from the grid
Supervise resynchronization »Microgrid sources provide voltage and frequency

Re-balance sources & loads to achieve grid-connected targets control

EF:-T-N
- © 2015 Eaton. All Rights Reserved. 13
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Microgrid Design and Use Cases
- Key Features

Black Start Start Microgrid from “Black” state (no sources)

Isolate from grid

Block inadvertent reconnection

Loads disconnected from sources

First source started & connected, providing stable voltage & frequency to a portion of the microgrid
Intelligent sequencing of additional microgrid sources and loads to maintain stability

Transition to standard islanded operation

Speingerville AZ One Day o 10 Second Resobition

Renewable s .
S £ Renewable Optimization
optimization 2000
- g Sources within the microgrid (esp. energy storage) smooth variations in renewables
§ 2000 Combined with storage and conventional generation, variable renewables become
- viable sources in islanded applications
& 1000

Smart inverter controls enable inverters to be used for Var / Voltage control

EF:-T-N
- © 2015 Eaton. All Rights Reserved. 14
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Microgrid Design and Use Cases
- Key Features

A variety of sources combined with intelligent source and load control provides grid-tied functionality

Net Demand Response (combination of load shedding and generation sources)
Net Demand Management (peak shaving, load shifting, load shedding)
Energy cost optimization

Microgrid sources, especially energy storage, have additional use cases:

o
2
$

Freguency regulation Capacity firming Peak shaving
- bt ’ ki Sipphy power
Al At powes vz b e . I'k"
7 MY Y T a4 :. - )
; Supply power J v ‘
' Supply power —':I.-" Absor power -
Charge \D-s-: rames et i e il = gt ™ I \
Change Descirangs Charg Dis e
Ancillary i
services Spinning reserve Load leveling Power quality
Supphy power
Demand a A
response "‘ull —
Energy 1, SLpply pover _ O Alsoit ower Bt poMer l |
arbitrage vt ; P | 8.
— Discharga \\
Peak shaving ¥ \ S e
Load Shifting Charga Discharge L'I==5';Iur5-':x

Source: DOE Storage Handbook 2014

EF:-T-N
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Microgrid Energy System (MES)

System Design Seamless Black Start Frequency & System Balance Renewable
islanding voltage control optimization

Lowest cost

To Upstream Control

To Upstream Grid

pcC 0. System
Breaker/ Controller
Recloser
Local Local Local
Controller Controller - Controller - Controller - Controller -
Fuel Cell Gen Set Energy Storage
IEEE
TR
nr
E;T.N Fuel Cell Engine Generator Energy Storage Photovoltaic Controllable Loads

© 2015 Eaton. All Rights Reserved.
FPowening Boiness Woddwde
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Microgrid Energy System (MES)

MES Design Basis

* Utilizes modular systems design * Achieve a system architecture that’s
* Repeatable gen. modules (templates) * 75% Pre-engineered
* Pre-format load options * 15% App. configured
 Suit of pre-engineered optimization strategies * 10% Custom
» Standard set of displays / reports e Offer customization as desired
* Scale templates to match application * Full system simulation testing

* Build on open standards (IEC 61850) * Basis for substation-based storage/DERMS

To Upstream Control
To Upstream Grid

M
PCC Mo
Breaker/
Recloser
| IEC-61850 '
Local Local Local Local Local
Controller - Controller - Controller - Controller - Controller -
Fuel Cell Gen Set Energy Storage PV
|
E;TON Fuel Cell Engine Generator Energy Storage Photovoltaic Controllable Loads

© 2015 Eaton. All Rights Reserved. 17
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Benefits are significant

Customer Benefits

* Repeatable modules require less engineering, .
implementation and testing

* Improved overall cost effectiveness .
* Shorter project cycles — Faster Turnkey Project .

* High system quality and functional assurance from
comprehensive system simulation & test .

* Improved project confidence with less risk .

Flexible to be more easily reconfigured to reflect
changing generation & load assets

Easier to troubleshoot

More efficient system support documentation &
training

Single point of responsibility

Turnkey and full lifecycle support

-r- | l|li.|E!|“ G! ...-l

Power Xpert ®
energy
optimizer

Local Local Local

Local Local
Microgrid Controller - Controller - Controller - Controller - Controller -
Fuel Cell Gen Set Energy Storage PV
Energy

System

1
1
1
1)
Al

Fuel Cell Engine Generator Energy Storage Photovoltaic Controllable Loadsj
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Microgrid |
Controller

To Upstream Control

4

Cybersecurity Required Zones of Protection

modular approach supports the

i

PCC
Breaker/

To Upstream Grid
Recloser
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Controller -

Energy Storage
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Capital Cost Shifting

Green / Regulatory

Compliance

Traditional kWh
System Production
Utility Yes

UPs Mo

Battery Plant Mo

Standby Mo
Generator
Other No

Proposed System kWh
Production

Utility Yes

*Peak demand 55

*Load Shedding 55

PV [ Inverter Yes

Advanced Batteries/ No*

Energy Storage

Continuous Duty NG Yes
Generator [ Turbine,
Fuel Cell

Wind Turbine Yes

Yes

Yes

Maybe

Maybe (CHP)

b=

*Energy storage systems can be used for arbitrage, effectively
offsetting utility costs dunng peak demand penods

E-T:N
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Energy and Grid Transformation

E-T-N
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So.... what does it look like

Today ’ Tomorrow s Microgrid

I .
-"'M Porwir

-

Cstmc=nkter

Do e vl Bsiefls. - PoLEinig.
bl ate

Intelligent =n=rgy bus +

Energy an ’ Energy a source
expense (liakility) of revenue (asset)

Energy Security
4 key benefits: Power Quality
Environmentally responsible
Grid participation / revenue opportunity

E:-T°N
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Portland General Electric MicroGrid @

PGE Salem High Reliablility Zone

= ah,

,__ﬂ‘.

.
o |

T 1 . . [
X gl 1 I
r ". = 1 (]
- 1.3MWh [0S
Sl Er=rgy Storage B |
» i
-
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. i . A i B
iy i SHp o £ 3 7
. o)) o = : . 4 = 7]
.ﬁ L X : — J 2x1250kW - : g
s . . - £ raly Diesel at 100KW PV at X
! [ (93¢ 4 et |0 Cregon Data Kettle Foods =
In . i ok & f enter =
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ADMW Crford- ik SESNCRFata = | [
Rural g
substation .

The Yellow line is a 2.5 mile 12kV over head line
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Portland General Electric MicroGrid

PGE High-Reliability Zone

Feeder is approximately 2,5
miles total length; distributed
residential, commercial, and

light industrial loads.

EJ

2x 1250kW d
Dresel at

Oregon Data {
Center

Customer

EXISTING Distributed Generation ( ( A Loads
- Ut”it}’ diﬁpﬂtﬁh ed WAk Customer YYD
Loads
- 3 customers with DG: |
{

1006 PV at

6 total generators totaling 5.7 MW customer (
loads Distributed | | Kettle Foods

L Residential Central Contral /
| Loads Dispatching

T Y [ | Islanding

Utility Breaker
Rural Substation ? Customer
subrstation | 15 kV Feeder
WAN
BATTERY /
INVERTER PLC AWAH—
5YS
1.3MWh

F.T°-N e nns
- © 2015 Eaton. All Rights Reserved.
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Portland General Electric MicroGrid

PGE Battery Storage System

Batteries

+ 1 MW /1.25 MWh EnerDel Lithium-lon Battery
system with associated battery management
system

Inverters

+ 20 Eaton PowerXpert 250 kW PV inverters,
adapted for battery storage application

Associated AC Power System

+ Low-Voltage switchboards

+ Step-up transformers

+ Medium-voltage switchgear, metering, protection
* UPS (for control)

Storage Master Control System

* PLC-based control to coordinate and regulate
operation of multiple inverters and battery banks
and interface with utility control system

Photos courtesy of Porland General Electric

E:-T°N
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Portland General Electric MicroGrid

PGE Battery Storage System Architecture -{
Power

Cthes Phaotos courtesy of Portland General Electric

PGZE

Syubstation 15 kv Dieford Faedar

Iskerding 18K Breake
Breakar '

EA TON‘ ";CGPE I\JIKJ*\JU 000k * * *

12 4THhda0 Other Transformers

W" TOTAL OF 5— 1 MVA
) INVERTER BLOCKS

L 3

[ [ - M.
2h0RYA 250kVE 250kNA
B-Man il CT B-Wlan
- Irvwartar I Irvarter - Inartar -
125w 125k 125K 125kW 125w 125k 125k 125K
I12500h 32.25KWh 3z.15kWh E2 2SKWh 3RESkh 322560 Jzeskwh  32.25kwWh
Battary Hattery Battary Rattary Battery Rattary Battary Battery

F-T-N
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Focus: High reliability (ability to detect faults and island a medium voltage feeder)
Breakthroughs:

Some highlights of the project:
1. Seamless transition from utility to battery with

standard medium voltages switches (No static
switch as in a UPS).

1. Testing and evaluating the Li lon
batteries with rapid charge discharge
cycles operating within limits

2. Understanding safe management of
batteries and inverters

2. A dynamic load sharing of a number inverters
(20) and transitioning to the island

3. Communications between a large
number of batteries and inverters

E:-T°N

© 2015 Eaton. All Rights Reserved.
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Portland General Electric MicroGrid & o =
Islanding — Captured Waveforms
Four Inverters initially grid connected and charging '.
batteries at 100kW islands and supports a 650kW Fe@
load when the 12kV breaker was opened h 7 Isianding Switeh
— e 12KV
. B e e e
}DV T T T aov
TMVA B50KW
Breaker ..' A : 2535%
Opening - ' Inverters
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Un-intentional Islanding and Return to Grid

5.

. Sl connects to grid

and charges battery

A grid-loss event
occurs and MISS
opens. S|l maintains
frequency and
voltage

Utility returns and
ISO controller
provides frequency
and voltage
correction signals to
Sl

Sl with ISO synch to
grid and close MISS

S| charges battery

E:-T°N
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Voltage and Frequency Data Captured During an Storage Inverter Unintentional

Islanding
o Y — =
- Sl 5
connect @ )
B s to grid @ ® :
%
. e :
8 B4
i = :
5 [a] -
i > G 8
2 o |3
5 o
o | &
[
g L E
E Tt 1 1 *t 1 Tt 1 T T T T T T T T T | E
ZE 200 13" Ao o0 oo

Sl: Storage Inverter
MISS: Microgrid Interconnection Static Switch
ISO: Intellioent Switchaear Orqanization

© 2015 Eaton. All Rights Reserved.
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Portland General Electric MicroGrid @ o *i

Frequency Support in Microgrids

Microgrid frequency
during a step load
without support from
energy storage

Frequency with
Energy Storage for
the same step load

Without support
Frequency drop 4 41Hz
Frequency overshoot 2.02Hz

Frequency in HZ

With Support
Frequency drop 1.84Hz
Frequency overshoot 0.8Hz

- i P 1 | i | |
== 2540 2660 80 2700 2720 27740 2760
time

E-T‘N

© 2015 Eaton. All Rights Reserved.
Provwring B vichnacle

33



. , J == : Building
1,# nergy Batterles_‘ i i 000

1. i
m ﬂ_,JﬁJ -J 1'

s .-_"_1' .."

=

.____......—1!.._ w%_‘::ﬁ r - . Ty — i ~
--_-r" ..iln-l-- =3 g B -
i e ‘ww i ot ER- - : -

Project Focus: Energy Surety / Resiliency for a military campus

Solution developments:

Natural Gas Generators 1. Manage multiple generation sources — natural gas

generators, solar pv, wind, battery storage

2. Optimized capital and operating costs via microgrid system
design

3. Seamless islanding and reconnection to the grid

Eaton provides the “glue” to seamlessly connect and island the microgrid

E.-T°N
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