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Armstrong Corporate Campus

Armstror g Corporate Campus

Armstrong's
“Girsen™ Bullding

LEED™ EB Platinum Certification at Corporate Headquarters, 2007
Energy Star® Labels, 2006, 2008, 2009, 2010, and 2011

- 600 acre site, about 200 acres developed w/roads, buildings
+ 28 buildings, 1,000,000 sf conditioned space, for 900 employees
« buildings constructed between 1950 and 1998
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Strong Corporate Campus Eﬁ

Building 5B-- constructed in 1995 - AFP, Corporate Purchasing Offices

Building 5B achieved EPA's Energy Star® Label in 2009,
2010, and 2011
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Armstrong DR Programs Historical perspective

= |S Rates from 1998 to 2000 to PPL customers
— firm vs interruptible service savings potential, LP-4 tariff

Rate Eirm kW Savings Cost/kwh

Firm 100 % 0% $.061
Interruptible 3,000 3.3% $.059
2,500 8.2% $.056
2,000 14.7% $.052
1,500 19.6% $.049
1,000 26.2% $.045

= The 26% savings represented $300,000 annually
= Curtailment generation economic justification
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Generator Project Justification

Size generation to achieve 1,000 kW import
target, estimated annual savings of $300,000
Total savings guaranteed through frozen rates by
(PUC) until 2009 -- $2,500,000

Installed cost of generator less than $350/kW or
$700,000

Annual operating costs (fuel, PM) at 200 hours,
$30,000 **

** Fuel Cost @ $2.00/gallon, Annual PM
expense $2,500
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2 MW Curtailment Generator Commissioned in 2001

« #1 substation, generator
set, step-up transformer,
and 20,000 gal fuel tank
Substation voltages 460,
4,160, and 12,470 vac

« Cabling distance from
revenue/distribution point
is 1,800 feet (X2)
Existing 250 MCM, 15kv
cable to #3 substation

.




2,500 kVA step up transformer,
connects generator to 12,000 volt
Campus utility distribution system

Demand Response Background \ © il e

Characteristics of Gen System

« 2,000 kW Standby, 1,850 kW Prime rating

« 3,000 hp Detroit Diesel, 16 cylinder engine, fuel
injected, turbocharged

« Marathon, 4-pole alternator, 480 volt output

« Kohler PD-100 Integrated controller, LCD operator
interface, automatic synchronism & parallel operation

« Water cooled, 150 gal glycol loop, 100 hp fan
« Fuel Consumption, 133 gal/hr at 100 % load

Review DR Programs e dincpd
PJM Demand Response Opportunities

e Emergency Demand Response Program
— Demand Resource (DR) in Capacity Market

Economic Demand Response Program
— Day Ahead Dispatch
— Real Time Dispatch

Ancillary Services

— Synchronous Reserves
— Regulation

— DA Scheduling Reserves

Review DR Programs e dincpd
PJM Emergency DSR Program

¢ The Emergency Program historically called during capacity
shortfalls known Emergency Load Response Events

¢ DR provides capacity and energy during LM Events
* DR paid for capacity based on the PJM capacity market
* DR paid for energy during a LM Event
¢ DR can be called on a sub zonal, zonal or regional basis at
PJM’s discretion
¢ Most popular DR Program
— High value (depending on location)
— Modest requirements for DR
— Annual Registration cycle

Review DR Programs S P

PJM Emergency DSR Program (cont.)

Current DR Qualifications:

— Must agree to up to ten interruptions per Delivery Year, of up to
six hours in length each

— Must be interruptible with no more than two hours notification
¢ Load reduction measurement for capacity (Measurement
& Verification)
— Based on load reduction capability or a minimum load
requirement
— Performance test required if no event occurs
¢ Energy Payment (M&V) for load reductions during LM
Events
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RPM Base Residual Auction
Resource Clearing Prices (RCP)
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Forecast Demand Response Capacity Payments in
MACC

Year $ MW per day Annual $ per MW

2013/2014
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PJM Ancillary Service Markets

¢ Demand Response resources in PJM can participate in the following

Ancillary Service Markets since May 1, 2006:
— Synchronized (Spinning) Reserve

— Regulation (some participation to date, high value but difficult
operational requirements)

— Day-Ahead Scheduling Reserves (low value, little participation)

* Resources are paid the applicable clearing price for providing the service

¢ Markets are cleared hourly throughout the day for Synch Reserves and

Regulation; Day-Ahead for Day-Ahead Scheduling Reserves

Review DR Programs Qe dincpd
PJM Synch Reserve Market

Capable of reducing load in less than 10 minutes upon
automated signal

One minute interval energy data

Resources are paid the Synch Reserve market clearing
price for providing the service

Annual average value of about $35,000/MW-yr based on
8760 hours of participation

Synch Reserve Events
— Typically last about 10 minutes
— On Average events occur about twice per month

oy
Demand Response Savings Qlre fHh Q-

PJM SR Historical Pricing

SRMCP $/MW
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In 2012 PPL Electric Utilities partnered with EnerNOC to
help reduce its peak demand

& All PA electric distribution i
required to reduce their peak electricity PPL ELECTRIC UTILITIES SERVICE TERRITORY
demand by 4.5% by May 2013
+ Mandated by Act 129, which was signed into
law November 2008

To achieve this, PPL Electric Utilities is
working with EnerNOC to create the
E-power s Demand Response Program for C&|
customers

*® C&I customers can choose how many hours
per year they will participate (0-50 hours)

# Increased compensation is offered to
customers who can participate for more
hours

(Aymstrong
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E-power°Demand Response Program Fast Facts

# Coverage: PPL Electric Utilities service territory
% Response types: curtailment and backup generation

& Timing: Summer 2012 (June 1 thru September 30) 10:00 am to 10
pm, with majority of dispatches between 12 pm and 7 pm;
excludes weekends and holidays

# Advance Notice: 3 hours
& Event Duration: 1 hour minimum, 6 hour maximum
# Payment Structure
-- $300/Mwh for first 10 Delivered Performance Hours (DPH)

-- $400/Mwh for DPH, 11 through 30
-- $500/Mwh for all DPH greater than 30

Demand Response Case Study S i P

Campus Energy Management

= Building Automation — EMCS
Johnson Controls

= Electrical Power Monitoring
Square D PowerLogic

Application of Best Energy Practices

Measure — Measure -- Measure
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Johnson Controls Workstation
and Installed Hardware

Johnse -’}}‘
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Demand Response Case Study

Data Center Comms Chiller Plant, Bldg 501




Armstrong Power Monitoring at Armstrong ‘{‘("é“’h

Why we monitor electricity?

Determine building, equipment usage and costs
Benchmarking — buildings and equipment
Energy Star® Data Requirement

Manage total power system loading

Measure / Evaluate power disturbances, events

Implement Rate Savings
v'Manage, monitor Utility Act 129 DR participation
v'PJM ELRP and SR programs in 2012

To reduce usage and save $$$

Armstrong Power Monitoring at Armstrong ‘\"f"é“’h Armstrong Power Monitoring at Armstrong \"f“éc&

What is Electrical Power Monitoring?

Transforming Data Into Useful Information
KWhr — Trending
Event Logging
Amps Harmonic Analysis
PF Engineering Alarming
~ Volts — % Loading
oo R Phase Balance
= iy -8 KW Remote Metering
: < < : Maintenance Peak Demand
ogo| oge{ ogeq oge KVA
ey N ) KVAHr _ﬂ Demand Allocation
Energy Utilization .
Average Cost Allocation Meters at Main Reven_ue (POC)
Demand Accounting Cost Accounting Substation #3 — 4 devices
Peak Demand Control
Demand PF Correction
Unit Substations Load Control
Harmonics Curtailments
Armstrong Power Monitoring at Armstrong Armstrong Power Monitoring at Armstrong ‘\"f"é"d"

Building 819
| DATA Cemter

uibding #19

High Density metering, sub Data Center
metering in Bldg 5B CM 4000 Bldg 5
PM 800

Campus Total — 39 meters, 2 virtual meters
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Labor Day Holiday Weekend, Campus and Chiller Plant Loads

Demand Response Savings ‘{”é&

Implementing DR Events

- PPL Act 129 E-Power ° event
» Synchronized Reserve
« PIJM ELRP Capacity event

.
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PPL Act 129 E-Power ® event

= Main Campus contracted for 60,000 mWH (30 hrs)
for the 2012/2013 season

= Capacity is provided only using Campus curtailment
generator

= Manual dispatch by site team

= EnerNOC provides 2 hour advance notifications by
telephone and email

= Real time event monitoring

Armstrong Demand Response Savings "‘?""é.ia-"

HMI Devices and Generator
Switchgear




Demand Response Savings
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EnerNOC DR Data from web site, PPL Act 129 Event
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Armstrong DR Data from PowerLogic, PPL Act 129 Event

Demand Response Savings
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PJM Synchronized Reserve Event

= Market participation using only the Campus 2 MW

curtailment generator

= Enrolled capacity is seasonal, time of day sensitive
= Generation remotely started and stopped by CSP

= Response time of < 10 minutes, manual response

not practical
= Dispatches by CSP automated telemetry

= SR events typically of short duration, < 15 minutes

Demand Response Savings

Dispatch and Alarming Telemetry
installed at Curtailment Generator

Demand Response Savings

Main Campus
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ELRP Capacity Event

Main Campus contracted for 700 kW Firm Service
Level (FSL) level from PPL during ELRP dispatches
Load curtailment process developed utilizing EMCS
to implement Campus reductions

Process encompasses reducing Chiller plant loads,
equipment shutdowns, and Campus generation

of total Campus load can be shed in less than 2

hours with minimal noticeable change to employees

(Aymstrong
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Generation Assets used for ELRP

> Data Center, 1 MW

» Bldg 701, 185 KW

» Bldg 402, 200 KW

Armstrong Demand Response Savings o i

2,500 ton Central Chiller Plant

Replacement 1,000 ton chiller and ASD
in same location

Armstrong Demand Response Savings e i epd

PJM ELRP Capacity Event

- Implement 4-step curtailment process using EMCS
> Sub cool conditioned spaces — no reheat
> Increase dew point temps, CW temps allowed to rise
> Limit capacity — output on operating chillers to ~ 50%
> Limit primary and secondary CW pump flows, all VSD controlled
- Evaluate load reduction — start on-site generation
about 1-hour before power target must be met
> Start Data Center generator, transfer loads, monitor contribution

» Start Curtailment generator last, monitor power performance

- “Tweak loads” if necessary

Armstrong Demand Response Savings e s
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Armstrong Demand Response Savings e i h

Shed Contribution by Source, Total = 2,900 kW

W Curtail Geneator

= Blily Gen = Metacys
= Wy 5% ™ Bldg Gen
15%

W Datacenter
14% B Curtailment
GenpraEtr

65%

Capacity Event Shed Contributions




Demand Response Savings

Main Campus
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Armstrong ELRP Data, August 28" Capacity Test
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Achieved Benefits and Results

» Synchronized Reserve
- PPL Act 129 E-Power ° events
« PJIM ELRP Capacity

. ek
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Forecast — 2013 and Beyond

= Earnings potential
« Capital project to reduce FSL
» RICE — NESHAP Regulations ?

10
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EnerNOC ELRP Data, August 28" Capacity Test
Demand Response Savings Summary Qe fiwh o

ELRP PPL

Year SRM Capacity Act12g Totals

2008 |$19,700 $40,850 N/A | $60,550

2009 |$48,733 $69,832 N/A | $118,565

2010 |$62,351 $83,164 N/A | $145515

2011 | $85,277 $97,186 N/A | $182,463

2012 | $42,000° $97,632 $32,000¢ | $171,632 **
TOTALS | $258,061 | $388,644 $32,000 |$678,725

« Demand Response Program Earnings
* 2012 earnings budgeted at $200,000 **

DR Forecast e cph
Earnings Potential in Existing DR Programs

Campus $ SRM
at700kWFSL  Estimate

Budgeted
Savings

$235,000
2015/2016 $61,122 $122,200 $70,000 $192,000

Annual $IMW

oo




DR Forecast 3 i cph
Earnings Potential — by reducing FSL

" Campus $ SRM Budgeted
Annual SIMW Estimate Savings

$206,200
2013/2014 $82,544 (sa1000) | $70.000 $276,200

$152,700
2015/2016 $61,122 (§30,500) $70,000 $222,700

RICE NESHAP - Update

» 40 CFR part 63 subpart ZZzZZ

» Regulates HAP emissions from stationary RICE at both major
and area sources of HAP

> All sizes of engines are covered
» Current NESHAP, effective May 2013, Cl engine use in
emergency DR is capped at 75 hours annually
» NOPR proposed June 7, EPA would allow:
— 100 hours of emergency DR (includes testing and maint.)
- 50 hours of non-emergency DR, peak shaving thru April 2017
» ONLY EXEMPTION: existing emergency engines located at
residential, institutional, or commercial area sources
» Decision due late November; required by Dec 14th

11

EPA Regulations
What are the Differences?

4 RlCE NESHAP (National Emission Standards Hazardous Air Pollutants)
- Applies to existing, new, and reconstructed
stationary engines (both ClI and SI)
> Focus is air toxics (HAP)
- Established under CAA section 112

» CI/SI ICE NSPS
> Applies to new, modified, and reconstructed
stationary Cl/SI engines
> Focus is criteria pollutants
o Established under CAA section 111




