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The Case For Micro-Grids

Heavily burdened, aging electrical grid

Electricity
demand

has increased

Some of the country's
existing electrical
infrastructure dates
back to late 1800s

Infrastructure
investment
has decreased

The toll of power disruptions

; The average
E}Zegr Etaajgg; outage duration:

from 2003-2012 R f
In the U.S. @ ingﬁit?ialized warld
j' j. Weather-related outages m %K‘ m
: : cost U.S. economy
°§, MINUTES A

$18 - $33 billion annually e
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Definition Of MicroGrid
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Single-Site Smart Micro-Grid

“Intelligent management of local (electric) power generation supplying local
(electric) loads”

Local Power Generation

Co-exist with the utility

Can operate totally independent of utility grid (islanding capability)
Ability to manage and control your local load
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What Makes a Good Candidate

* Need for energy reliability, security and economy

« Customers who primarily need to interface with a utility grid and have
Islanding capability to support critical functions when necessary
> University & College Campuses
> Fixed Military Installations/Bases

> Commercial Building Complexes (e.g., Industrial parks, Corporate
Headquarters)

> Data Centers
> Hospitals
> Communities With a Utility Infrastructure But Experience Power Shortages
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Key Micro Grid Capabillities

Energy Surety S
« Assured performance Energy optimization
* Reliability * VERA

... *Distributed Generation %k Building
- = ™= Optimization
Energy . “ - - BIM/BOS
Storage - « EMCS
* Thermal » Weatherization
* Battery
* PHEV’s
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e Compressed air gy

Microgrid

\ « Energy “Hub”
\ * Islanding
1* Continuous operations
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! Load prioritization e Renewables \
oy \ 1 4 [ i \ \
Central Utility Plants s ; i e Blomass
. : AN | - * Geothermal
» Design/build/operate/maintain / -
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» Co-Gen/Tri-Gen A _- . Wind
* Multi fuel generators .‘_ — “ - Grid integration
Smart grid
* ADR Em
 Peak Shaving :
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« Reporting &Y
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Case Study - White Oak Microgrid

The Federal Research Center at White Oak, MD, is a state-of-the-art 3 million square foot, $900 million
Food and Drug Administration office and lab compound built by the General Services Administration.
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Federal Research Center at White Oak Microgrid

The project involves the design, construction, & on-going operation of a
55MW Central Utility Plant Microgrid.

The White Oak microgrid provides a high level of energy surety enabling the GSA/FDA to fulfill their mission while also benefitting
from the energy efficiency measures incorporated to satisfy the required electrical and thermal loads of the campus regardless of
what happens to the external utility grid.

e Construction of An Onsite Utility (CHP: Combined Heat and Power) To Produce Energy
* The current system operational capacity is 26 megawatts, with phase 3 (2013) taking it to 55 megawatts.

* The existing utility infrastructure is a net exporter of electricity. It supplies more power to the utility grid than is used from
the grid on an annual basis.

* The utility infrastructure has adapted to the changing mission and changing needs of the Campus. The facility was
designed to incorporate future growth with no impact to on-going operations. Programmed square footage for the White
Oak campus has nearly doubled since the original master plan was developed.

* Microgrid Provides Energy Surety
* GSA White Oak has operated in island mode more than 70 times between 2010-2013.
* In the last two years the critical infrastructure has remained online 100%.

*  While buildings near the campus went dark, White Oak avoided interruption during the 2011
earthquake, the 2012 Derecho, and Hurricane’s Irene & Sandy and numerous other storms...

* Energy Efficiency Measures Provide Savings and Benefits

Expected Annual Energy Savings: Expected Annual Pollution Prevention:
640,000 MBtu (Current) 50,000 metric tons CO2 equivalent (Current) 2% &;
275,000 MBtu (In Construction) 22,000 metric tons CO2 equivalent (In Construction) y

. =
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FRC White Oak Microgrid Requirements

= Fast dependable separation from Utility instability
» Reliable detection of Utility deviations
» Instantaneous separation to Island mode
» Operation with adequate spinning reserve
» Smooth generator transition to load sharing Island mode control
= Fast load management for generator demand control, when required
» Accurate real-time generator capacity and spinning reserve assessment
» Fast updated load measurement
» Fast load shed of prioritized demands
» Coordinated load restoration process

= Synchronized transfer from island mode back to utility parallel operation
= Coordinated Black Start capability to Island mode operation, if required
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White Oak Micro Grid

Definition White Oak FDA Micro Grid

Local Power Generation = 26MW power supply (currently being expanded to
55MW-65MW's to handle the installation’s peak
load)

Leverage waste heat (CHP) to condition buildings
Puts more power on the grid than it takes off

Works in parallel with Pepco under a three-party
Interconnect Agreement.

Participate in demand response events

Utilize spinning reserve to maintain energy surety

Co-exist with the utility

Can operate totally Operate mission critical functions independent of
independent of utility grid Pepco, enabling FDA to continue operations
(islanding capability) regardless of what happens outside the campus
Ability to manage and control = Match load to supply

your local load = Ability to make power purchase decisions
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ESPC | & Il Major Physical Features

27,000 Square Foot Central Plant

Electrical Generation

» One — 5.8 MW reciprocating engine (dual fuel)

» Four - 4.5 MW turbine-generators (nat. gas only)

» One - 2.0 MW diesel black-start generator
Chilled Water

» Two — 1,100 Ton Absorption Chillers

» Centrifugals (2 @ 1,100 tons + 3 @ 2,000 tons)
Hot water

» Three — 14 MMBtu/Hr Waste Heat Boilers

» Three - 10 MMBtu/Hr Dual-fuel Back-up Boilers

= 25KW Fixed & 5KW Tracking PV Array

Master Plan  Square Footage Campus Population
1997 2,100,000 6,000
2006 3,200,000 7,500
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ESPC Ill — Major Physical Features

57,000 Square Foot Central Plant

Electrical Generation
» Two - 7.5 MW turbine-generators (dual fuel)
» One - 4.5 MW turbine-generator (natural gas only)
» One - 5 MW steam turbine-generator
» Two - 2.25 MW diesel black-start generators

Chilled Water (3 @ 2,500 tons + 1 relocated)

» Thermal Energy Storage (2 million gal)

» Heat Recovery Steam Generators (132,000 lbh)
= Dual-fuel Steam Back-up Boiler (one 25 KPPH)
» Heating Hot Water Converters (112 MMBTUH)

Master Plan Square Footage  Campus Population
2009 3,900,000 9,000
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White Oak CUP 1

Heat Exchangers (left)
Motor Control Center (Right)

4.6MW Solar Mercury 50
Gas Turbines

Electrical Switchgear

e

: Is 4.6MWSolar Mercury 50
|Z Gas Turbine

S

2 MW Standby -
Diesel Generator &

4.6MW Solar Mercury
50 Gas Turbine
(Outdoors)

5.8MW Dual-Fuel 1,130 Ton Absorbtion Chiller (center)
Control Room

Engine Generator 1,130 Ton Electric Chiller (right) 4.6 MW Solar Mercury 50

Gas Turbine (Outdoors)
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Reliability Enhancements
Utility Service Enhancements
— Physical and Functional Separation of Utility Generation Systems
— Electrical Bus Ties between Central Utility Plants (CUP) 1 and 2
— Dual Distribution Loop for redundancy
Two additional Black Start Generators
CUP and Building Level Load Shed
Electricity Produced

Thermal Energy Storage Blue -CUP generators
T . _ h I .
— Electrical load shed of chillers Red - photovoltaic arrays

— Backup water supply ., .~ 67,597
frnis -
Emnﬂﬂﬂ-~’ff
/ 31,523
. 9,395
40,000.0 / 1 13886 17§47
AT il l 3. g-
o 21’5- 29, 30 28. 27.08 26,20 28,59 20.

0.0 : g “ov
2008 2005 2006 2008 2009 2010 2011

MW hrs
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Reliability Metrics

: Uptime over the last 12 months is > 99.999%.
Uptime
SSESES————
Redundancy provided for all critical systems.
Redundancy & 4
SSESES————
Islanded, either automatically or manually, 70
Island Mode times over the past 36 months. Operations
) have not been interrupted for any weather
Power On a yearly basis more power is supplied to
G t] Pepco than Pepco supplies to the White Oak
eneration Campus.
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Honeywell

Microgrids with more than just reactive approach
Optimization of

generation, storage

and consumption
*
Kl

Photovoltaics

%—»

Load management
- Curtailable loads
- Reschedulable loads

Cogeneration (CHP) - Critical loads
Eiite; Equipment imizati Neighborhoods
i .*‘Hff Wh schedules, :
fuel switching AL AL AUA AU
— PP
Other sources '
—e.g. biomass : Optimum
i use of storage

i capacities

Enerqy storage Electric
/ Demand response, components cars

Iectr|C|t

network i /
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Batteries, fuel cells, a temporal storay L
hydrogen, thermal ~
storage, etc.
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Why Automated Optimization?

100 Average efficiency of80% with 1-D efficiency-load curves

optimization fortotal load 140 - two 2-D efficiency-load-
(Generator units operating

3§ temperature curves

= S
i P

Load

Which efficiency curve to select?
For chillers, should 3 units run at
a higher temperature or 2 units at

e A —

Generator

| 60 e GEN lower temperature? Does a unit
u need to be started up (inefficiency
50 ~# GEM and cost)?
Generator —h— GEN3

Efficiency ———

~4- GEN4

u— 40

130 150

Efficiency of 70% with typical
currentscenarioforload of
140, and one unit operating

Load —>

Motivation

« Maximize economy of energy usage (energy composition
costs, energy market buy/make/sell dynamics)

» Minimize total emissions and energy usage
« Minimize fuel usage (e.g., diesel in remote locations)
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Cogen

Gt

Cogen

Gt

Cogen

Gt

Cogen

Gt

Cogeneration,
Storage,
Multiple
Options and
Sequences

Grid
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Optimization—Additional Complexity
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Microgrid Optimization and Control

Steam
Energy Suppliers Energy Plant  cooling Buildings
Electricity Heat

Gas Electricity
“p TR =

O]
Honeywell &
{ EBI
Measurement

Recommended
Equipment
Configuration

~— - Optimal Resource
Allocation

| ‘..
“
- g ay
]
= : .
.....
a
e
.
Yaa, VL

Demand
~ ll| Forecast

<

Energy
4 Manager
Software

<?A Weather
£y Forecast
TNy, reenerelsTessien
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Schedules for Electricity, Cooling and Hot Water

Electricity Demand, Generation, and Grid demand
14000
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Hot Water Demand, Generation (kW)

13000

Scenario: Islanded mode of
operation; grid sell and buy disabled
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Schedules for Electricity, Cooling and Hot Water

Electricity Demand and Generation Cooling Demand, Generation (kw)

28000 25000

-15000

10000
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Hot Water Demand, Generation (kW)

Scenario: Grid connected; grid sell
and buy enabled
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Key Elements for Successful Micro Grids

* Micro Grids are a key element forming part of an overall energy
strategy
— Advanced Controls and Optimization — consider all energy flows
— Distributed Generation
— Enable Alternative Generation — CHP, Renewables
— Energy Efficiency

 Micro Grid technology is available now and is maturing rapidly
— Can be built up in stages at any specific site

 Three questions will define the pace of deploying micro grids
— Is the current power generation and distribution system adequate for future growth?
— Financial — does it make financial sense to build, operate and maintain a microgrid?
— What are the impacts of not implementing a microgrid solution?

. =
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EXTRA
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Annual Energy Savings
— Current: 640,000 MMBtu

he Benefits

— Under Construction: 275,000 MMBtu

Pollution Prevention (annual)
— Current: 50,000 metric tons CO,-equivalent

— Under Construction: 22,000 metric tons CO,-
equivalent

Co-Generation reduces GSA NCR Demand
— Response during “Gold Days” (approximately 22

MW currently; nearly 33 MW

post-ESPC |ll Base)
Rainwater Harvesting

— Makeup water for cooling towers

Copyright 2013 © Honeywell International, Inc.
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30% Reduction
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15,000 Cars
Removed from
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Four Steps Of A “Smart Micro Grid” Approach

S * Building Management System
Tr a_d I_tl on al « HVAC Upgrades
Eff| cien Cy * Building Envelope Improvements
» Usage transparency through (advanced metering)
ImprOvementS * Lighting retrofits

» Gas turbines

On-site - Diesel generators
G en erati oNn an d » Power storage (thermal, electric)

» Renewable energy (PV, wind turbines)

Sto I’ag e Cap acl ty » Electric vehicle infrastructure

|m p | em ent » Demand response programs
» Balance system supply and demand
Advanced « Optimization of power system based on performance metrics
* Interconnection with the BMS system to balance loads and
CO ntrOIS generation

Operate with

1 : : » Automatic connect and disconnect from main grid to meet
Utl I Ity G rl d orin specific performance outcomes
Island Mode
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