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PQ Problems have Costs

$50 billion per year in the USA is lost as a result of
power quality breakdown.

SOURCE: Bank of America Report

A manufacturing company lost more than $3 million one day
last summer in Silicon Valley when the “lights went out.”

SOURCE: New York Times, January, 2000

“A voltage sag in a paper mill can waste a whole
day of production — $250,000 loss.”

SOURCE: Busines Week, June 17, 1996

Half of all computer problems and one-third of all data
loss can be traced back to the power line.

SOURCE: Contingency Planning Research, LAN Times
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Factors affecting PQ Costs

* Lost production

e Scrap

* Costs to restart

» |Labor costs

« Equipment damage and repair
* Other costs
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Categories of Interruption Costs

* High cost facilities
— Semiconductor plants
— Pharmaceuticals
— Data centers
* Medium Cost Facilities
— Automotive manufacturing
— Glass Plants
— Plastics and chemicals
— Textiles
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Example costs

Textile industry

Glass industry

Semiconductor industry

$1K $10K $100K $1M
Losses per voltage sag
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Costs of Momentary Interruptions

Cost of Momentary
Interruption
($/kW Demand)
Category Minimum Maximum

INDUSTRIAL
Automoabile Manufacturing 5.0 5.5
Fubber and Flastics $3.0 545
Textile b2.0 w4.0
Paper $1.5 $2.5
Printing (newspapers) 1.0 2.0
Fetrochemical $3.0 #o.0
Metal Fabrication b2.0 w4.0
Glass $4.0 $5.0
flining $2.0 $4.0
Food Processing 2.0 .0
Fharmaceutical #o.0 F0.0
Electranics $a.0 120
memiconductor Manufacturing 200 $s0.0
COMMERCIAL
Communications, information processing 1.0 $10.0
Hospitals, hanks, civil services 2.0 3.0
Restaurants, bars, hotels H0.5 1.0
Commercial shops $0.1 $0.5
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What about voltage sags?

» Facilities experience many more voltage sags than
interruptions

Typical Interruption and Sag Performance for Distribution System Customer
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Evaluating the
economics

IEEE 2003 T&D Show

1. Characterize the system power quality
performance
Reliability Performance
Voltage Sag Performance
Other Important Power Quality Variations

2. Estimate the costs associated with power
quality variations
Costs of complete interruptions
Dependence on duration of interruptions
Sensitivity of process to voltage sags
Impact of other power quality variations

3. Characterize available solutions in terms of
cost and effectiveness
What technologies can be used?
Cost of the solution technology
Effectiveness for PQ improvement

4. Evaluate the economics of the different
alternatives
Convert all costs to equiv. annual costs
Compare alternatives
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Evaluating the Economics

« Economic Assessment Module (EAM).

ﬁ About POQDS Economic Assessment Module

Power Quality
Diagnostic System™

Economic Assessment Mocdule

Yerzion 1.4 Beta
= 19597-2002 EFRIL.
All Rights Rezerved.

SIMGLE USER LICEMSE AGREEMEMNT il
THIS IS A LEGALLY BINDIMG AGREEMEMNT
BETWEEN v0OU AND THE ELECTRIC POWER
RESEARCH INSTITUTE [EPRI). PLEASE

READ IT CAREFULLY BEFORE REMOVING =]

Developed for: EPRI EPRI Project Manager: Azhok Sundaram
3412 Hillvigsay Ave.

Palo Alto, CA 94304-1385  Support PADS Help Line
+1-865-470-9222

Developed by: Electrotek Concepts, Inc. podshelp@pgsoftware.com

405 M. Cedar Bluff Rd.
Knoxville, Th 37923-3641

Swyztem Info... |
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Example System

« Economics of improving
power quality to a group of
customers

* Focus on voltage sags
because this is typically
the most important (costly)
PQ variation
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Characterizing System Performance
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Remember that the performance is

not deterministic — it VARIES

Average Momentary Interruptions per Year
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EAM

Characterize PQ Levels

\‘f PQDS Economic Assessment Module - sample2.mdb - [Characterize P0]

File Edit Wew Steps Setup Reports  Help

=2 = Y =Y

—]:Steps Setup Characterize PQ PE Y F Y TS Y Other
Manufac.turerS Farallel Feeder
Define System Substation 5 Yoltage Sags and [nteruptions [EventsManth]
i Feeder To 5 ol
: |\t HD age B0-90% | 70-80% |B0-70% |10-503% |0-10%
Characterize : angzep';
POl ar ase
Ingtantaneou 1 1 1 0.5 u
Determine 1 or 2 Phaze
Costs bl omentary 0 0 0 0 0
1 or 2 Phaze
Select TEriEsTE n I ] ] ]
Irmpraosernment % Phass
Instantaneo (IR] (IR (183 (183 ]
Evaluate 3 Phase ] ; ; ; .
kd amentany
3 Phaze 0 0 0 i i
Temporary
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Characterizing costs — concept of

Weighting Factors

Equivalent
Weighfing for Expected Number | Interruptions per
Category of Event | Economic Analysis per Year Year

Sag below
CORORI - SORSURRAGN MCSCACIUNG] ' v SOSORNRE KOCSUCORNN ISCIINURRICH DESCARIURS I SRR

Sag between
e B AT TO% L OB B B

Sag between
0% and B0% 40% 10 40

=ag betwaen
BO% and 0% 109% 39 39

TOTAL it 230
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EAM

Determine costs of pg problems

% PQDS Economic Assessment Module - sampleZ.mdb - [Determine Costs]
.Elle Edit Wiew Steps Setup Reports  Help

n = =i S =

Stepsl Setup Determine Costs f Ext. Outage T Mizcellaneous T Llkility Ciozt
b anufacturers Cost/Event | ‘Weight Factors |  Other PO Costs
Define Syztem E!ubStati':'n 5 wheighting Factors
- Feeder To 5 Voltage
20-90% | 70-80% | BO-70% [10-50% [0-10%
Characterize b anufacturers ?angzep_;
PO ar aze
Instantansou 01 01 0.4 na 1
Determine 1 or 2 Phaze 1 1 1 1 1
Coztz b omentary
1 or 2 Phaze
Select TEriEsTEns 1 1 1 1 1
Irmpraoserient = Phges
Istantaneo 01 01 0.4 na 1
Evaluate I Phase
M 1 1 1 1
ornenkany
2fhase 1 1 1 1
Emnparary
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Develop Solution Options

* Equipment Protection
— CVT
— Local DVR technologies
— UPS
« Facility Service Entrance Protection
— DVR

— Standby Power Supply (batteries, flywheels, superconducting
magnets, supercapacitors)

« Custom Power Options on Supply System
— DVR
— Static Switch or Fast Transfer Switch
— Combination
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EAM

Costs of Solution Options

D% Economic Assessment Module - samplez.mdb - [Select Improvement]

File Edit Wiew Steps Setup Reports  Help

O] & =@

w Select Improvement - PO Solutions—  Add | Delete |
Baze Caze: System T Sags Awoided T Other Avoided
Define Syetern | | Base Case
, Feader Feeder To 5 j
. ~Lase— _ Add I_ Delete I_ Cusztarner b anufacturerS j
Characternze P
Pi | =
————| | [55D orAC Battey = o oo
Determine I el attery
Costs M arne Custarner Cost 100 #
E elect |SSD or AC B attery Cize 000 kKA,
Improvement Purchaze [$/444] 200
Camments Inztallation [$] 1]
Evaluate Bl 0 and b [$/r) 240000
Comments
Full k34, rating nat required =]
=
4| 4 |Record 1 of 1 | 3 I HI
- PO Salution ta Impart inka Mew Becard:
Sebto Base Case | IFeeder Feactors] j Import... I
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Performance of the Solution Options

Bxe Reduchon walh Reduction with
Type of Condiian Paformance | ReducSnwilh | ServiceEnkance |  Primary Stasic
IM—M _Waghing | fevenisvewr) | Conirds Protecion) Enegy Skorage Switch Redurion wih DVR
empbos @ | 1 al s % ... s
Saphdowie | L IS L) S ;. S N 0% 0% s ..
SapD% ... 00 10 — ) 8% s,
Sap 0% | DA 00 s . . | . ) T
SAEW% D1 DD 0% 0% 8% 00%
TOTAL EVENTS AFFECTING FLANT &0 20 43 M7 53
Total Events Weighied for Severity 2D 144 23 16 58
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EAM

Performance of solution

DS Economic Assessment Module - sampleZ.mdhb - [Select Improyement]

ﬂle Edit Wiew Steps Setup Reports  Help

n| ==

“Steps | Setup) Select Improvement ~ PO Sclutions—  Add | Delste |
Baze Caze: Syztem T Sagz Avoided T Other Axvoided
Define Syztem Eaze Caze .
% Avoided
—LCaze— Add I— Delete |— FF CF 15
Characterize
PO FPhasesz | Percent | Inz | Mom| Tem | Inz | Mom| Tem | Ing | Mom| Tem
|550 or AC Battery =l Tor2 |5t 30 o[ of of o ofioa[ of o
Cietermine Taor2 [FO20| 100 1] 1] 1] 1] 0] 100 1] 1]
Costs M ame lar2 [B0wTO| 100 ] 0 1] 1] oj 100 1] 1]
|S5D or AC Battery Tor2 [10t080] 100 of of of of of 1ol of o
Select
Improverment ler2 | <10 [ qo0] of ol of of of1o0f of o
_— Comments 3 B0ws0 100 1] 0 0 1] af 100 1] ]
Evalugte = 3 0t 80| 1o0 1] 1] 1] 1] 0] 100 1] 1]
3 S0te 70| 100 1] 1] 1] 1] 0] 100 1] 1]
3 10t 50| 100 1] 1] 1] 1] 0] 100 1] 1]
3 210 100 1] o] &0 1] o] 100 1] 1]
| 4 |Fecod 1 of 1 | I HI
- F Solution to Import into Hew Becord:
Setto Base Case | IFeeder Feactors] j Irnpart... I
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Cost Comparison for a

Single Customer
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Cost Comparison for

Multiple Customers
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Economic evaluation - Summary
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Convert everything to equivalent annual costs
Calculate a base cost using existing conditions

Look at the reduction in costs associated with
each alternative

Find the minimum TOTAL costs
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