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Energy Megatrends — 3D+E is setting the stage for Microgrids

Historical Energy Value Chain The New Energy Landscape

Centralized MV/LV Retail Energy Centralized Transmission Distribution Retail

Generation Transm|SS|on Distribution Meter Customer Generation Prosumer
e Utilities house significant Grid-Connected 31

e Consumers responsible for their own MV/LV party owned Solar PV plants with
Traditional Power Distribution Assets and complementing BESSs. In some cases the
Operations “behind the meter”, Many developer is the utility, but in others it is a 3™
implement EE Measures party or a new “Prosumer”.

e Consumers have some partial base-load and e Larger Prosumers and Municipalities use PPA
traditional backup power generation of many and ESCO/IPP PPA/Lease models to leverage
varied capabilities, but few significant islanding existing and build new DERSs, including
systems. significant Combined Heat and Power (CHP)

e Beyond EE, Increasing Local, Efficient Self- e Reduction in costs for DER technologies,
Generation + Microgrid Islanding is the road increase in reliable delivery + new business
ahead. models for Energy Services result in the new

Energy Landscape Microgrid 2017
CONFERENCE



What new energy “Prosumers” are looking for

e Reduce energy Efficiency Su pply e Innovative Product and
consumption Flexibility Hedge Structures

e Improve and monetize
flexibility

e Global Program
e Real-time-price
forecasting

e Portfolio Risk
Management

e Energy / Fuel source
arbitrage

e Efficient Operations

e Service site loads
during times of grid
instability

e Reduce Greenhouse
Gasses

e Minimize carbon footprint

e Protect assets against
harmful effects of poor
power quality

e |Improve LEED

e Corporate

Perception/Image
P d e May have 0 Risk

Sustainability Resiliency Tolerance




What is a Microgrid?
“An integrated energy system consisting of interconnected loads and distributed

energy resources which, as a single entity, can be controlled and operated in
parallel with the grid or in an islanded mode.”

In Normal Operations \ In Island Mode (or DR) \‘

DER (Distributed Energy Resources) DER (Distributed Energy Resources)
;} ‘ ! M On-site renewables and % M
power generation facilities Microgrid will generate energy
utilized in parallel with grid from local sources in the case
of a grid outage and manage
loads
Client

@ [

Utility PCC

Meter . Grid

: Data Centers In an outage or energy

° event, the microgrid
May be possible to sell excess controller disconnects the

Campus -—-%—:—'s‘-

Buildings

Grid

grid energy as needed

power back to the grid through
a net metering contract

/

Microgrid 2017
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Combined Heat and Power Microgrid & District/Campus Energy

CHP provides superior efficiency and reliability, meeting the prosumer’s thermal
and electrical needs, around-the-clock, including during grid outages

DER (Distributed Energy Resources)

\ > Steam, hot water and chilled
water is produced at District

Steam
;f;\'g Q l MI Hot water Energy Centers or Central
Chilled water

Utility Plant’s
> Environmentally Sound and
o7 ClientSites Energy/Fuel Efficient
@ | o o
i Switeh ] Buidngs 1 3 > Individual buildings do not
ility < . . .
Meter : Dl need their own chillers/ boilers
:@ Data Centers : <
I - . -
Combined Heat & Power generation H i <« > Provides Architectural
it b d t t 1 E i ihili
units can be used to generate a : i FIelelIlty
|}
\ J

range of energy products during both Residential
normal and emergency conditions.
N e o o o o o pRd

Microgrid 2017
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Microgrid: Complements what a facility has today

A Microgrid Energy Plant may be
composed of CHP, Storage, Solar or
other Distributed Energy Resource

Complements and extends the
capabilities of existing Emergency
Power Supply Systems (EPSS =
Backup Generation + UPS)

A baseload Microgrid provides
baseload power generation and all
thermal generation required.

Remainder of electric power supplied
by solar, storage, or other in
combination with utility.

In Emergency Operations, Microgrid
islands from Utility and powers more
loads than Backup power system
alone.

In Normal Operations, Microgrid
assets dispatch economically
providing daily value to the owner,
not just during emergency

Utility Distribution . . .
Normal power Adding Microgrid Energy to a EPSS

source

Isolation switch
for Islanding from
the Utility Grid

-

Mormal
system

Non-essentia

L. loads

\

J

Thermal systems replace existing boilers and leverage
existing thermal distribution system

2\05 E\f B\FS

Equipment Life safety Critical
system branch branch
\ J

A
Emergency system EPSS

h
Essential electric system

Microgrid 2017
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Combined Heat & Power (CHP) Potential in the U.S.

Today the vast majority of installed CHP is not capable to island
Different customer processes demand different levels of optimization SR EPEPEESEE= T

ENERGY Renewable E

Figure 1: Existing CHP Compared to On-Site Technical Potential by Sector?

50 Hospitals Discover
- Advantages to

40 -
# Existing CHP Capacity (GW) Using CHP Systems

EE]

w
Q

© Technical Potential (GW) Combined heat and power

systems—also known as

cogeneration systems—
use a heat engine or power
station to simultaneously
generate both electricity
I I I and heat. They convert
0
3 &

Capacity (GW)
5 L 8 G

w

waste heat from electrical

v & & S
. ) 4 ) (& \ R generation into energy
'5'\\ "'\ Qra \} & :.?: -\b {7 (\
¥ @ Q\-t‘b 6@&@ (106‘ %@3\ ,3\*‘2' o© 6@% Q@’%&S‘ that can be used for heating
b . ; .
v Q© ¢ &S <‘c.f;:' 7 and cooling. More than 200

hospitals nationwide operate

CHP systems.
Microgrid 2017
CONFERENCE
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Microgrid Architecture — Building or Facility

Customer
constraints

Weather
forecast

: : : Energy
Microgrid Advisor market
pricing

s 1.2
ez (® ) & (o) g i
y R,

e

Demand
response
requests

Building v

. . Advanced Microgrid with CHP, Solar PV, Energy
|\/|ICt‘0gI’Id Energy Storage, Fuel Cells

Control Center Electric and Thermal Load Optimization for Grid-
Connected and Islanded

Building Process

Automation Automation

Medium
Or

y [
V(ID_I(t);\gl;e ('lLZ

BESS Solar PV Thermal Electric CHP Utility Grid Microgrid 2017
Loops/Loads Loads CONFERENCE

|




Building Automation Systems

Represent Smart Load Management Options to reduce loads, a good alternative to load dispatch
Microgrid Automation connected to Building Automation

Building Automation
Management System Office and
(BMS or BAS Process) =eellineEne ARSI Commercial Building

( Microgrid - E
Advisor
_ e =~

— [t ]
[ h (o)) . a
=1 = — HVAC Asset Power Asset Management Lighting Asset Supply,_Dem_and,
=) = Vidiiage ot Sustainability
8 ()
Microgrid n o
Operation @ c
21 0
_._-._ - ->:‘ —
K o TR
= c | 2 BMS Web Power Monitoring
o < and Control
g3
Energy - =
(=] — ] i
c = . ¥ x
Control Center G O L E =5 ; i X
SmartX Controllers Variable Local HMI Power Connected
AS-P & AS-B . : - Valve &
il! ) ( ) Local Display ~ Speed Drives R ActassiFlex ASVSc Meter Compact Breaker

Microgrid 2017
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Industrial and Energy Plant Automation Systems

A dynamic process of load prioritization, system operation and economic efficiency
Microgrid Automation connected to Discrete and Continuous process automation

Industrial or Manufacturing

Process Automation Packaging Food & Beverage Water & Mining, Metals & Oil & Gas
Machine Builder 9 Wastewater Minerals

Mlcrogrld
Advisor

n—-gr
._ - | — Fiuy Planning & Operations Information Asset Operations Line & Unit
— — = ENgiiccrne Scheauny Mananement Management Management Control Performance Supply, Demand,
e = é Optimization Sustainability
o O I .
fust . .
Microgrid v a Machine Automation Discrete Process Continuous Process EBETEE PO
Operation @ c - ]
2|6 e F
- — ~ — - ¥ Al
i'lﬁ (&} r.. =
i ie] 3 . Process Process Automation o
g c Machines Power Monitoring and Control
©
v
— 8 'g . "
7
Energy o ) Touchscreen Valve Motor Industrial Variable Speed MCC/PCC
Control Center < e Positioners SIERES Sensors Drives Electrical Panel
L O
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Grid Automation Systems

Utility Scale, Medium Voltage Distribution systems may form Microgrid islands across a campus,
city or other district. Substation Area, Feeder or Multi-Feeder level

Distribution Grid Operations Investor Owned Independent Power
Utility Municipal Utility Cooperative Utility Campus or Base Producer/ESCO

Mlcrogrld neo i |
Advisor ¢ < Em

= = n mcrawahles - Monitoring and Control ADMS / GIS Advanced Cyber Cloud Based g5y Demand, Sustainabilit
e S £ Exchange far Rellcwanics Security Ser\);ices Microgrid Analytics FRS . !
8 QO . T 0200 Ol e
Microgrid 0 o = ;
- = "
Operation i 5 -
q' -‘—ﬁ 5‘ — i .
o
- = = Susctotian and Feeder Automation SCADA Microgrid SCADA Power Monitoring and Control
? ®©
S o
Energy - g
c =
Control Center 5 O

) Smart RMU Power Meter Smart Inverter Feeder Remote Terminal Unit

\
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Prosumers have varying
degrees of supply and
demand flexibility

The more flexibility
the better the optimization

y J J
_ﬂl] Prosumer 1 ﬂ..l] Prosumer 2 ﬂl] Prosumer 3
€
o ® % Me
@ (®) 4 D ~® am e
BOo®w @ ® LS
' 7 ®) 3%
® 3 @ Y
Lights and Motors Lights and EV Lights and EV
: Chargin Charging, HVAC and
Gridand Solar Grid, So?argand Cg0|d95t0fage

Storage Grid, CHP, Solar and

Storage
Microgrid 2017
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Weather and Load Forecasting drives system behavior

Impacts Heating/Cooling and other industrial or manufacturing process
operations. Pre-warns of possible electrical supply disruption

« Microgrid Energy Management System
integrates weather forecast information

e Pre-heat or cool HVAC Control

2 [ e Supply PV irradiance forecast
i Alb, A )
. rj‘#rlwb i r M ﬁ il fl.% w / | \ e Forecast Electrical and Thermal Loads
= e Adjust Circuit Load Shed/Add schedule
e based on emergency operation or
O & &

islanded mode

Precipdaton Amount {n) (1]
! Probability Of Precipitation 0 (] 0
Pressure (mBar) 10086 10086 10096
Wind Specd (mph) 18 16 16
Wind Direction (dea) €= = tix
Probatibty OFf Storm (%) L] L] [ ]

Kag
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Case Study: Oncor Microgrid, Lancaster Texas — May 27, 2015
Peak Electric or Gas Pricing — Tariff Optimization

MID PEAK MID PEAK ON PEAK MID PEAK

SITE CONSUMPTION (kW)

g 100 N B
5 ‘I.f’/,v\;..’#\ AN A n Ifl | \L
: n l ; T - \I‘ [—"J |
2 \ | |
g L . | |
§ -100 I‘l—l
01:00 02:00 03:.00 04:00 05:00 D600 07.00 0800 09:00 10:00 11:00 12:.00 13:00 14:00 15:00 16:00 17:00 18.00 19:00 20:00 3100 2200 23:00
Solar PV =—— Battery Storage —_— Actual KW —— Forecasted kW

i L. i L. . Source: Oncor — May 27, 2015
e Tariff Optimization and Demand Limiting, happening every day
Prosumer optimization of battery charge, discharge, tariff Management and peak shaving
Demand Limiting begins at 9:00AM, set at 700kW
Algorithm completes demand limiting, and then recharges to prepare for Peak Tariff event
Algorithm evaluates additional demand limiting value compared to tariff management case, and

decides to charge and prepare the BESS for next period based on optimizing economic performance. Microgrid 2017
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Case Study: Pre Heating Building Zone — Feb 17, 2015
Heating applied at 4-6AM Off-Peak, HVAC Curtailed 8-11AM

HVAC Zone 3

OUTSIDE T*
d333

225°C

INSIDE T*

100

50

POWER (kW)

ILOT

— Optimisation
& moc

5 mm:

=

Power Consumption
L

Flexibility Mechanism

M

mmmmmm

~

[Day v | fpzr7ns

=~

01:00 02:00 03:00 04:00

MID PEAK ON

06:00 7:00 08:00 09:00

PEAK

MID PEAK

ON PEAK

MID PEAK

11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

19:00 20:00 21:00 22:00 23:00

Inside
Temperature
Maintained
between 20 and
22.5 degrees
Celsius

Duration of pre-
heating optimized
based on weather
forecast of
Outside
Temperature

Integrating the
power
management
system with the
building
automation system
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Case Study: Cold Storage System Energy Optimization
January 2016 — Thermal Accumulation/Curtailment

e Scenarios Analyzed in January 2016 with the following use cases
= Remote monitoring of Cold Storage Load and Thermal Performance
= Historical Scenario Analysis and Adjustment Trials
=  Optimizing energy consumption based on thermal inertia potential
= Maintain -2c to -8c range

Type: view: ) ) ) 01/2011g =

Power = Energy O Today  vesterday ' Thisweek ' Lastweek ThisMonth ' LlastMonth ' Month ' week  ®Day
600 kW

Normal

500 kw

400 kW

]
2 300 kW
5

o

200 kw

100 kW

0 kW
14:00 1415 14:30 14:45 15:00 1515 15:30 15:45 16:00 16:15 16:30 16:45 17:00 1715

|‘ M Power — Temp Retour Fau ‘

January 20th — Typical day
60 minutes accumulation + 30 minutes curtailment

Microgrid 2017
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Regulation by .
ey Case Study: Cold Storage System Energy

January 2016 — Thermal Accumulation
Curtailment, followed by low energy period

* Results
— Without accumulation: about 100kW improvement
during curtailment
S— L — i — With accumulation: about 200kW of flexibility during
T T ™ toeren a curtailment
Accumulatiop AV — 1h of accumulation allows to curtail the load for 1h

— After 1h of curtailment, BMS is regulating the
temperature at 2C. This results in a smaller energy
consumption period than the usual regulation at -8C)

EOUNX A i With curtailment No curtailment

- Water temperature regulated at -8°C

- Accumulation at -10C during 30 minutes

- Curtailment during 1h30 with a temperature
regulation set point at +2Ck

- Temperature goes back to -8C after 1h30

g

Water temperature is regulated at
-8C during 3h30

Microgrid 2017
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Islanding and Islanded Operations: Fast Load Shed/Add

Intelligent Fast Load Shed (iIFLS) or can be an economic decision

Islanding Operation may be required at
any time, any day or night, at any point
in your building, manufacturing or
industrial process operations

Vatw ' Utifity
IFLS/A — Intelligent Fast Load okw
Shed/Add must rapidly eliminate the Seww ST Shiw

right circuits/loads, at that time, to keep @ et " okw
CHP engines and other local energy e s
resources from tripping offline. This @

varies by process and by time. s %

| | | o ' aiw
Microgrid and HVAC BMS integrated @

controls lower lighting or alter
temperature set points

[ On Grid [ | off Grid
s

(4444

Microgrid and Process Automation
System integrated to define circuits

gnd dynamlc IFLS schedule for Microgrid 2017
|sland|ng CONFERENCE



IFLS — Intelligent Fast Load Shed Architecture

"Susbiation

" Central Conirol Room

" Central Control Room

IEC 61850 EMCS

IEC 61850 EMCS

EMCS
| HMI Server

EMCS ]

EMCS
ﬂ I GTW

HMI Client Jtmi chent

4Typical Response Time Breakdown
3 iFLS’s typical response time with eLSU is less than 30 ms from the contingency trigger detection up to the

Proactive evaluatior| load shedding contact closure.
Contingency B|  [SN0) IED detects contingency trigger / condition 0 ms
Complete Systf | T1 IED confirms the detection (to protect against spurious triggering) 1 ms
Embedded Tof | T2 IED publish contingency trigger through Goose 3 ms
Analyze existin | 13 Goose frame is propagated through the ethernet network 3,250 ms
PrediCt_SyStem T4 iFLS decodes the trigger, creates and published load shedding frame 13,250 ms
Optimalljfcz:c:!:zss:i T5 Load Shedding frame is propagated through the ethernet network 13,5 ms
16 Load Shedding frame is received and executed by the eLSU 19,5 ms
High Selectiviy | 77 | eL.SU shed contact is closed 26,5 ms

Load Priorities

Distributed
IFLS
System

Centralized
IFLS
System

Groups & Dynamic Groups

iIFLS
Module

IFLS
Function

Hardware Reaction Capability
Selects best combination of loads to shed
Breaker Failure Automatic Compensation

High Response Performance

Microgrid 2017
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Utility Distribution Control Center

e -
= == Substation ’_g
. == |Pros.umer| R
Campus ' Prosumer
wosmoasoseoPAEA | . Building
|) |) |)] i ——
I B _} SSa—

Microgrid Control Hierarchy for , —oeemsem I~ y W o
Grid, Campus and Building = H [Ty | o =

Centralized and Distributed
Logic Operating at different S \
levels of the Network = = =




Case Study: Refinery CHP
Load Preservation Microgrid

+ Projectat a Glance

 Designed, engineered, and constructed a load preservation

Multiple locations (including CA, USA)

system microgrid for 165 MW co-generation systems
serving 185 MV of load in the initial phase.

90% net-zero (gas-fired CHP)

7 cycle islanding to preserve steam system from tripping
offline

100 breakers shed at high, medium, and low voltage,
closed transition

Export of power to utility (SCE)
Integration of sequence of events recording

Typical of 15 similar projects in chemicals, refining, and
paper. Existing CHP retrofits

Keeping 160MW+ of CHP up when

the grid is down

Investment:
Result:

~$4.5 million
Multiple outages
avoided

Microgrid 2017
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Case Study: Refinery Load Preservation Microgrid

el Frporer
|-@.¢1_ﬁ_mﬁ%ﬁ@%$% =
e e ¥l ks
T Sl TP |t oneines s A3 L p0ass . Oeto
vl N =, = = = = it ;
|- EventLog System T | Breaker Management | Fixed Tier Defintion  Priority Definition  Systemn Test  Eventlog  Administrative Setup  Diagnostics
oz B Priority List : Dol Acial Loads ] [Gen. System Status Report| [ Mother FLC Comms. @]
® smrl'.',“.ﬁiﬁf;;" State Description : Refinery Islanded with A-Train, B-Train, C-Train, STG C, and TPG3500 in service, ] I Gen. Source Load Report I System in Test Mode _[IE
ot 173 45/ ST ]| Close / Reset Broaker | [ Roset Stuck Breakers | | Roset Systom Tiors [ sytem Tier status [tier0 | Normat || Tier 1 | Nomal |[Tier2 [ Normat [[Tier3 | normat
i . 232 m%I Priority » Circuit Breaker Description a Load (MW) b Pretrip (M) b Position »  StuckStatus b State 1 +| b
mmm | Sk B a2 SUB 15-2 MAIN CB 15C-28 00 00 Closed Not Stuck Armed =
e o i T = 21 SUB 15 CKT 152 07 0.0 Open Not Stuck Armed =
ol "é;é;;'u.?.’é‘ﬁmu = 0 SUB 13-2 MAIN CB 13C-2B 03 00 Closed Not Stuck Not Armed
| Diagnasacs 5 = 0 SUB 13-2 MAIN CB 13B-2A 02 0.0 Open Not Stuck Mot Armed
e ot W ﬁ Fu| B 0 SUB 13-1 MAIN CB 13C-1B 02 00 Closed Not Stuck Not Armed
L R | = 0 SUB 13.1 MAIN CB 13B-1A 06 00 Closed Not Stuck Not Armed
|  ——— e [T SUB 13 24KV MAIN (LFD} 03 00 Closed Not Stuck Not Armed
"miﬁmm T = 65 SUB 12-1 MAINCE 12B-1B 00 0.0 Closed Not Stuck Mot Armed :l
- 1 => 64 SUB 12-1 MAIN CB 12A-1A 01 0.0 Closed Not Stuck Not Armed
= 48 SUB 11-4 MAIN CB 11C-4B 03 0.0 Closed Not Stuck Mot Armed
= 49 SUB 11-4 MAIN CE 11A-4A 02 0.0 Closed Not Stuck Mot Armed
= 50 SUB 11-3 MAIN CB 11C-3B 04 00 Closed Not Stuck Not Armed
= 51 SUB 11-3 MAIN CB 11A-3A 00 0.0 Closed Not Stuck Not Armed
el s e T SUB 11-2MAIN CB 11C-28 03 00 Closed Not Stuck Not Armed
= 53 SLUB 11-2 MAIN CB 11A-2A 0.1 0.0 Closed Not Stuck Not Armed
Lo L = 58 SUB 11-1 P-1128A 00 00 Open Not Stuck Not Armed =
= 54 SUB 11-1P-1128 00 0.0 Closed Not Stuck Not Armed %
l Source Load MW ‘ | Critical Circuit Breaker Status |[ system Load V Present Armed Load
A-Train 408 f Co-Gen CB-3301 A-Train Closed E 1:::: Canasstad !z:ﬁm i:::‘:’ Required ; p
B-Train 375 Co-Gen CB-3401 B-Train Closed Total Plant Load 127.80 MW || Power Armed 25 maw
C-Train 407 Co-Gen CB)00O( D-Train Closed S
D-Train 00 o= Co-Gen CB-X)XXX STG-3750 Closed |[57|| SCE Bus#1 Frequency 59.99 Hz
STG-3650 87 s Co-Gen CB-3302 A-Bus Clomsd | IR e T
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Microgrid Energy Control Center

Utility Microgrid Advisor
Optimization Platform

Wind @ -
Critical Loads

Industrial Plant or
Process Loads
Healthcare

et g —

PV Parking ./ j ®

Lot
Or Field

—» Critical Loads
Pumps, VFDs and
Motors

|, Essential Loads —

HVAC System
Coolers Freezers

PV Rooftop ./ —> Essential Loads 11_:: \"'"."I""I'ri‘ 'H |
Lights (BAS or Lightil ||'_!= —
Battery
Energy

Public Safety Lighting
Storage

Standard Loads
EV Charging
Non-Essential

Supply, Demand and Process Management Lighting
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l Microgrid Energy Control Center [cie: [ciP2 [cres

Utility

Ad d
Main(s) I) MZ?er:?nZ Solar PV Solar PV

NN rtrEms e |

DI IPID I ) :{2- |

17171 | - : |

_ iFLS I - I

H I I

l |

l |

[ |

l |

l |

l |

l |

| N.O. I

I AC Bypass |

| |

I |

! | |

S Vi DD D |

Controller |

| NN NN ACB |

| Advanced ) ) ) ) ) ) us |

' (] 17 |) 17 17 17 1 |) !

AC/DC Hybrid ‘- @® . !

U PS Critical Resiliency Circuits
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Closing Thoughts

Integration of Microgrid/Power Automation

Buildi with Process/Energy Plant Automation for
uliding buildings and industrial processes can
I o R P et e PR S S0 Sl additional benefits that cannot be derived

\ Management System
{BMS or BAS Process)

ealthcare otel/nousin Ofﬂl‘ieﬂl'ld E
| when managed separately

- Energy Economic optimization can treat
the entire energy system (thermal and
electrical) rather than treat each as siloed
process

-

Cloud andlor On Pre

- Microgrid Control, PA Control along with
Eco P truure IFLS/A enable islanding of CHP and other
g . Industry  Distributed Energy Resource Plants

Process Automation Packaging h B erate Water & Mining, Metals & S }
Machine Builder g Wastewater Minerals - H
IS0 i o i

Stanning Ass

- Economic optimization of microgrid
islanding operation manages which loads
can and should be shed to preserve key
loads at the time balanced with local

supply
Microgrid 2017
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