Power & Energy Monitoring
In the Era of Green Energy

Weschler Instruments
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Agenda

e Energy Trends

e Consumer Load Monitoring
 Commercial & Industrial Applications
 [Industrial Products

o Test Equipment
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Distributed Generation

o Solar

e Wind

o Geothermal
* Hydroelectric
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Off-Grid Operation

* Mobile Applications
e Temporary Applications
e |solated Sites

e Innovators
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Smart Meters

e Automated Reading (AMR)
e Outage Notification

e Real Time Load Monitoring
 Variable Rate Billing
 Remote Load Shedding
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Time of Day Rates

e Reduce Demand Peaks
e Defer Power Plant Construction

 Better Utilize Existing
Transmission Lines

 Encourage Conservation
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Real Time Load Management

« By Utility or Customer

 Prevent Overloads, Brownouts &
Blackouts

e Avoid Power Plant Construction
e Defer New Transmission Lines

WESCHLER (i) Energy Trends

INSTRUMENTS 5%



Cogeneration

e Combined Heat & Power
Supply Local Electrical Need
Sell Excess Power to Utility

Standby Power
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Higher Energy Costs

e Fuel Prices

e Emission Controls

e Delivery Fees

e Carbon Tax
 Escalating Rate Brackets
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Mandatory Conservation

e Energy Independence & Security Act (2007)
o Executive Order 13423 (2007)

* Energy Policy Act of 2005

 DOD Instruction 4170.11 (2005)

e LEED Certification
(Green Building Initiative)

 Utility Demand Response programs
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Energy Trends

 Distributed Generation

o Off-Grid Operation

e Smart Meters

« Variable (Time of Day) Rates
 Remote Load Management

* Higher Energy Costs

« Mandatory Conservation

Goal — Conserve energy & reduce fossil
fuel use

Where & How Much = Need to Measure
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Key Terms

Active Power

Apparent Power
Reactive Power
Power Factor
Active Energy
Demand (kW)
Fundamental
Harmonic Order
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W =VA (DC source)

W = VA-PF (AC source)
S=VA

Q = VAr

PF=W/VA A

KWh

Average power for time interval
Mains frequency

Multiple of mains frequency

“POWER s A Q
TRIANGLE”
VOLT-AMPS VAR
TR
0 PF
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Waveforms

Motor Load

Switching Power Supply
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Power Measurement ICs
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RMS Voltage, RMS Current

Line Frequency

Neutral Line Current

Power Factor(s)

Voltage Phase Angles
Active/Reactive/Apparent Power
Active/Reactive/Apparent Energy
Fundamental/Harmonic Power
Bi-Directional
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Load Monitoring

Consumer Products

 Single Device
e Entire House
e Web Enabled

Google PowerMeter: Ed's Home

Day Daily Totals Week more
1500
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Commercial Applications

o Generation
e Load Monitoring
 Demand Management




Solar DC System

5 Digit DPM

Programmed for default display =
Watthours. Push button to alternately
display real time Watts, Volts and Amps.

DCV |
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Generation

Meter measures DCV & calculates DCA from
voltage drop across meter shunt, then
calculates Watts and Watthours. Meter can
also save readings at selected intervals
(datalogging) & transmits readings to a PC.
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Solar AC System

Solar
Array x8
96V
DC
120V
| = AC
e Charge
Controller
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Breakers
_‘—“—P Load Circuits
Energy
Meter
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Grid Connected System

Solar
Array x8

AC
Disconnect

To
Utility

Submeter

g Load
DC Submeter Side
Disconnect Inverter Solar Generation
Breaker
Panel
WESCHLER Generation
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Sub-Metering

AC Mains
Distribution Panel

to Individual Units

Sub-Meters

o
.

.
T D006 |
e |
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Data Collection
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Other Sub-Metering Applications

e Building Management

« HVAC
e Lighting

o Computer/Server Arrays
e Factory Work Cells
e Processing Plant Stages
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Vehicle Charging

Sub-Meter

Load Monitoring
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Demand Management

Monitoring
Manual Load Shedding
Automatic Load Shedding

Branch Circuit

Demand Controller
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System
Configurations
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LorN

L1

L2

L1
L2

L3

19, 2-Wire (1 element)

19, 3-Wire (2 element)

39, 3-Wire (2 element)

L1
L2

L3

L1
L2

L3

39, 4-Wire (3 element)
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Industrial Products

e Panel Instruments
e Systems

* Wireless Products
e Smart Meters

e Services
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Panel Instruments
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Energy Meter Parameters

e kWh delivered & received » Total Amps
e K\VAr delivered & received e Average Amps

o kW real time  Amps per phase

« KW per phase » Average volts, line to neutral
o K\VAr real time » Average volts, line to line

« K\VVAr per phase * \Volts to neutral per phase

e k\VVA real time e VVolts line to line

* K\VVA per phase » Average phase angle

% Power Factor  Phase angle per phase

» Power Factor per phase  Frequency
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Current Transformers

o Solid core for cost, reliability

o Split core for easy retrofit

» Specified by ratio, accuracy class & burden
e Burden sets maximum secondary load R

* Metering CTs may require heavy leads

Current Transformer Wire Length Chart

Size Max Length Gauge Size Max Length Gauge
0.5VA 2 feet 18 AWG 5VA 22 feet 18 AWG
(0.02Q max) 3 feet 16 AWG (0.2002 max) 37 feet 16 AWG
5 feet 14 AWG 60 feet 14 AWG
8 feet 12 AWG 97 feet 12 AWG
14 feet 10 AWG 156 feet 10 AWG
A fant 182 AW AVA A7 fant 182 AN
WESCHLER (rd
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Systems
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Current Transducer

e A:mV transducer

e Locate far from
meter with no
accuracy loss
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"Green" Meter

e kWh in dollars

o Estimated cost per hour,
based on current load |

e CO, emissions in pounds, ]
based on DOE data

« Estimated hourly CO,

emissions based on current
load

* Net metering, including
utility delivered vs. user-
generated power
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Software

gnccess Group 81 Location 254 = |E||i|
Function Puavwer Monitor Connection Control
{~ Read Hardware © Setup Hardware ¢ Load Graph C
arirech |
" Werify Hardware © Access DEase * Power Graph Select a Meter |1 B 'I
Dizconnect |
................................. = Cancel Dial |
IPgwe[ Graph vI Start Power Monitof Cancel |
[Phase]l  [Phase-Phaszel
" Voltage  Yolage  Amp ("~ FreqgHz ¢ Phéngle T PF3 & K/ ORMA T KMAR
¥ PHASE A 116.1 A-B 2002 836 E0.0 03 99,99 10.28 10,28 0.05
W PHASE B 115.1 B-C 1991 86.9 E0.0 02 99.99 10.04 10.04 003
¥ PHASE C 114.9C-A 2000 566 B0.0 0.2 99,99 9.92 9.92 0.03
[~ TOTAL 262.0 599.99
Home <k Health
KW Load P 3
MonD-Mon
‘00 Leading the industry for over 25 years.
1025 +
W 0 Meter Dashboard B Interval Data B Daily Data % Settings
Main Office (1A1)
Clzss 3000, 400 Amps
Total Avg Daily Demand
kith ki kit kwh Today -
Taday 152.34 26.2 ;.
Last 7 Days 2291.17 327.3 83.0 u.h 1484.10+
Last 30 Days 10909.80 363.7 1434.9
152.34
Last 365 Days 42367.80 321.0 14349
1326 114335 AT 11355 TGOS 1EEIS 1125 110438
Time in Second
|Reading power data: 1B*... camplete. liaroup: 81 Location: 254 |[COML:9600 kit Load Amperage Yaltage | Power Factar Fhase Angle kuia kAR Frequency
Phase & 2.40 kW 2672 A& 120.11% 76.34 % 40.22 degPh 314 kva 2.03 kVAR 60.00 Hz
Phase & 6.72 kW 60.16 & 120.23¥ 93.06 % | 21.46 degPh 7.22 kA 2.64 kVAR £0.00 Hz
Phase C 15.52 kw 131.68 A 11994 ¥ 99.24 % 7.04 degPh 15.64 kva 1.92 kYAR 60.00 Hz
Tokal 24.64 kW 218.56 A 26.00 kA 6.59 kYAR
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Wireless Products
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Smart Socket Meters

« Accurate energy measurement
« Advanced power quality recording

 Wire or wireless
communication

WESCHLER o
INSTRUMENTS -

36



Services

* Energy Audit
 Remote Energy Monitoring

1] K

" omom > ‘ “4DSL CONNECTION 4
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nline Data

I 0
EMS PC ﬁ/’ OO Analysis
’ ISP \ =)

GSM /CDMA
EMS PC MODEM

i | ~~<_ o )
(.. —> = ~ (Internet Service
I < !H_ij (( )) Provider)
REMOTE
MONTORING
GSM/CDMA CENTER

TOWER
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Case Study

Chemical Plant

semo  Production Energy Profits
Before 1943 357 93

After 1943 300 140

16% energy savings resulted in >50% profit increase
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Test Equipment

 Power Monitors

e Power Quality
Analyzers

e Power
Dataloggers
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Power Quality Analyzer

o PQ Parameters

e Dips & Swells
Harmonics
Interruptions
Flicker

Inrush

» Graphical Display
e Scope,
e Phasor Diagrams
e Setup Prompts

o Analysis
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Calculations

APPENDIX A

MATHEMATICAL FORMULAS
FOR VARIOUS PARAMETERS

Half-period Voltage and Current RMS Values

[ Newt Eern i
dem M: ]l[l NS.:K? i ”;.II'III;-HN]' Single rms voltage half-period i + | phase

a’H [nT Compaound rms voltage half-period 1 + 1 phase

{ [i][n]" Rims current hall-period 1 + 1 phase

.-"\[Icm[r'] -\='¢H(' : E

{

NSHC: number of samples per half cycle (between two consecutive zeros)
n: sample (0; 255)
i: phase (0; 1; 2)

MIN / MAX Values for Voltage and Gurrent
Vmax[i/]=max (Vdem[]). Vmin[i/]=min (Vdem[i]). Vavg=1/6000 Z Vdem[i]
Umax[i]=max (Udem[{]). Umin[i]=min (Udem[]), Aavg=1/6000 £ Adem[i]

Amax[/]=max (Adem[{]), Amin[{]=min (Adem[i]}) (Avg calculation on 1s)

Power Quality Analyzer Model 3945-B 89

Various Types of Energy
WI[i
Whin]li] J; 365‘11 Active energy consumed phase 1 + 1
- VA[i
VARL0]Li] ‘% —3% Apparent coergy consumed phasc i+ 1
VAR[]

VARKLIO]L] =Z 0 for VAR[i] 20 Reactive inductive energy consumed phase i + |

T AU

—VAR[]

VARKCLOI[] =Y

Tint
Total active energy consumed:
Wh([0][3] = Wh(O][0] + WhO][1] + Wh{0][2]
Total apparent energy consumed:
VAR[O][3] = VAR[D][0] + VAR[O][1] + VAR[O][2]
Total reactive capacitive energy consumed;
VARKC[D][3] = VARKC[0][0] + VARKC[O][1] + VARKC[0][2]

Total reactive inductive energy consumed:
VARRL[0][3] = VARKL[O][0] + VARKL[O][1] + VARKL[0][2]

for VAR[i] €0 Reactive capacitive energy consumed phase 1 + 1

.
Whi1]li] -Z “.[J]__ Active energy consumed phase i + 1
Tm 3600
.r
vah[1][i] =Z --tA[J] Active encrgy consumed phase i + 1
Tt
VARKL[1][1] :ZmW\R[ﬂ for VAR[i] <0 Reactive inductive energy consumed phase i + 1
T 30600
VARKC[1][i] = E v;I;[[;j for VAR[i] =0 Reactive capacitive energy consumed phase i + |
Tint

Total active energy consumed:
Wh{1][3] = Wh([1][0] + Wh{1][1] + Wh[1](2]

Total apparent energy consumed:

VAK[1][3] = VAR[1][0] + VAR[1][1] + VAR[1][2]

Total reactive capacitive energy consumed:

VARKC[1][3] = VARNC[1][0] + VARhC[1][1] + VARhC[1][2]

Total reactive inductive energy consumed:
VARhL[1][3] = VARRL[1][0] + VARKL[1][1] + VARRL[1][2]

Power Quality Analyzer Model 3945-B
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Summary

Key Factors in Equipment Selection:

» Permanent or Temporary Installation
 Turn-key or Build your Own

« Parameters to be Measured

e Mains Configuration

e Distance to Sensors

» Type of Display Needed

e Computer Interface/Software

e Control or Alarm Outputs

e Size, Cost.......
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DIVISION OF HUGHES CORPORATION

68 Years of Power & Process Measurements
YOKOGAWA VERIS II\IDUSTHIESV

CONZERV® [E=Mon]

Smart Energy Management

Energy Monitoring Products

(fompton 3 .
(I Electro Industries/GaugeTech
The Leader in Power Monitoring and Control

HIOKI [QAEMC Fruke
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Integra 0640
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Providing rugged & reliable instrumentation for more than 68 years.

» 50 of the industry's best manufacturers, plus proprietary Weschler products

» Full meter modification capabilities for all major brands

 Application assistance from experienced instrumentation specialists

* [nstrument assembly & integration services

Our products are used worldwide in power plants, steel mills, chemical plants, paper mills and other industrial

applications that require rugged, reliable and accurate instrumentation. We specialize in small lot orders and
hard to find models. Call us when no one else has it - or call us first. We configure to your requirements.
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Your best source for measurement, control and test equipment

Toll Free: 800-903-9870 « Fax: 800-903-9590
Email: info@weschler.com * www.weschler.com




Final Thoughts

 Energy costs are controllable
e Easier to reduce than other cost factors

 ARRA 2009 provides $20B for energy efficiency
programs

e State & Federal tax incentives also available

» Measure & Verify required to substantiate any
Improvement

Thanks to E-MON, Conzerv, AEMC, Fluke & Yokogawa
for providing material for this presentation.
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