
What is Power Factor?



 

Related to motors, transformers, DC 
Drives, lighting ballasts etc.

KVA Demand

KW Demand
Power Factor is the ratio of 
the amount of energy used 
to do real work and the 
amount of total energy 
used to do that work.



What is Power Factor Correction?



 

Reduce hydro billings


 

Decrease the load on transformers 
and related equipment



 

Decreased heat losses

Power Factor Correction is the application 
of capacitors to;



Decreased Demand Load

60 KVAR Capacitor Added

Amp Meter Reads 80 Amps Amp Meter Reads 100 Amps
Hydro 
Meter

100 Amp Load with 
80% Power Factor

Hydro 
Meter

100 Amp Load with 
80% Power Factor

Amp Meter Reads 100 Amps Amp Meter Reads 100 Amps



Why is there a 
Demand Charge anyway?



 

Why not just pay for the kWh’s
 

you use?


 

OPA is committed to produce 
on demand what ever the 
consumer requires at any one 
time



 

Generating facilities and 
carrying facilities must be sized 
for peak demands



Pythagorean Theorem
 KVA = 5  KW = 4  KVAR = 3



 

KVA = √(KW^2+KVAR^2)


 

5= √(16+9)  +1.5 KVAR
 

4.3=√(16+2.25) 
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The Two Parts of a Hydro Bill 



 

Energy Consumption  (Kilowatt hours)



 

Demand Kilowatt                            
(greater of 100% KW or 90% KVA 
based on a 15 min or 1 hour sliding 
window)



 

Volts x Amps = VA (volt amps)


 

Volts x Amps x PF = W (watts)



A Sample Hydro Bill

Demand KW  
is the greater 
of 100% KW 

or 90% of 
KVA



A Sample Hydro Bill

KVA, KW and Power Factor is 
shown

83,294 KW/hr’s



Typical Billing Table

Billing Actual P.F. KVAR
Year Month KVA KW Demand P.F. Penalty Req'd

.9 of KVA
2011 Jan 1241 1084 1117 87.4% $246 79
2011 Feb 1395 1161 1256 83.2% $714 212
2010 Mar 1180 1007 1062 85.3% $417 129
2010 Apr 1156 1003 1040 86.8% $281 89
2010 May 1528 1321 1375 86.5% $406 128
2010 Est 1375 1180 1238 85.8% $433 135
2010 Jul 1430 1223 1287 85.5% $478 148
2010 Aug 1370 1150 1233 83.9% $624 188
2010 Sep 1420 1209 1278 85.1% $523 161
2010 Oct 1373 1145 1235 83.4% $679 203
2010 Nov 1368 1189 1231 87.0% $313 99
2010 Dec 1294 1076 1165 83.1% $666 198

 $5,779
To Ensure 90 % PF Each Month, use 212 KVAR



Billing Demand with PF Savings

Billing Actual P.F. KVAR
Year Month KVA KW Demand P.F. Penalty Instl'd

.9 of KVA Avg PF
2011 Jan 1181.1 1083.9 1083.9 91.78% $0 135 89.61%
2011 Feb 1325.2 1160.7 1192.7 87.59% $240 135
2010 Mar 1115.6 1006.5 1006.5 90.22% $0 135
2010 Apr 1095.2 1003.0 1003.0 91.58% $0 135
2010 May 1464.7 1320.9 1320.9 90.19% $0 135
2010 Jun 1311.0 1180.0 1180.0 90.01% $0 135
2010 Jul 1364.6 1222.9 1228.1 89.62% $39 135
2010 Aug 1301.6 1149.9 1171.5 88.34% $162 135
2010 Sep 1354.3 1208.7 1218.9 89.24% $77 135
2010 Oct 1303.0 1144.8 1172.7 87.86% $209 135
2010 Nov 1306.5 1189.4 1189.4 91.04% $0 135
2010 Dec 1224.5 1076.1 1102.1 87.88% $195 135

135 KVAR WOULD HAVE REDUCED ANNUAL PENALTIES TO $922
THEREFORE SAVING $4,857



I (squared) R Losses (Uncorrected)

3.1% in losses

=$4 per month



I (squared) R Losses (Corrected)

1.2% Recovered Losses on 12% 
reduction in current

$1.60 monthly savings



Savings Calculations (KVA Hours)



Savings Calculations (Fantasy KW)



 

Corrected Formula



 

Results Using KVAR and Using Power Factor

Before Installation
Annual Cost: 485 x 266.7 x 1.732 = 224033.33 /1 000 = 224.03 (x .88 = 197 ) x .11 x 24 x 300 = $156,139.94

After Installation
Annual Cost: 485 x 223.3 x 1.732 = 187576.46 /1 000 = 187.57 (x .99 = 185.7 ) x .11 x 24 x 300 = $147,074.40

SAVINGS     $156,139.94  MINUS   $147,074.40   EQUALS   $9,065.54

KVA KVAR KW PF KVA KVAR KW PF
Before 224.03 53.57 217.53 97.1% Before 224.03 106.41 197.15 88.0%
After 187.57 10 187.30 99.9% After 187.57 26.46 185.69 99.0%
KVAR Added 44 KVAR Added 80



Kilowatt Recovery / 100 KVAR Installed



 

500 KVA Demand -

 

400 KW Demand –

 

50 KVA Reduction


 

At 80% PF, about 10% KVA reduction possible to 90% PF


 

Consider 10% KW loss recovery on the reduction (1% overall)


 

100 kVAr distributed throughout plant 4 KW/Hr


 

Plant operates 5 days x 16 hr’s = 336 hr/month


 

Kilowatt reduction per month = 1,344 KW/hr’s


 

Monthly Billing Demand recovery @ $7 = $350


 

Monthly Kilowatt hour recovery @ 10 cents KW/hr = $134


 

Installed Cost 100 kVAr Fixed at Main  = $6,000


 

Annual recovery (no KW losses) $350 x 12 = $4,200


 

Installed Cost 13 x 7.5 KVAr on 25 HP Motors = $6,500


 

Annual recovery (with KW losses) ($350+$134) x 12 = $5,800


 

Can you see a 1.6%,  1,344 KW/hr reduction on 83,294 KW/hr’s. Most PF 
manufacturers use .5% to 1.5%



Types of Conventional Capacitors



 

Base capacitance (fixed) 10% to 15% kVAr 
to Transformer KVA size



 

Greater than 10% to 15%, use automatically 
switched 



 

Switched banks
 Central Automatic

 Load side of contactor ALS
 Separate contactor for LV start



Conventional Capacitors and 
Harmonics

Hydro One Capacitor switching Transient 
with capacitors OFF 

Hydro One Capacitor switching Transient with 
capacitors ON 

Event #31 at 24/07/2008 10:54:12.083
CVPeak High To Normal

Threshold crossed 500.0 

Event De tails/Waveforms

10:54:12.060
24/07/2008
Thursday

10:54:12.070 10:54:12.080 10:54:12.090
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Event #1050 at 20/06/2008 22:57:15.775
BVTrans Rel. trans.  Normal  To High

Threshold crossed 300.0 V
Magnitude 380.5 V
Phase 15.0 Deg

Ev ent De tails/Waveforms

22:57:15.76
20/06/2008

Friday

22:57:15.78 22:57:15.79
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Harmonic Filtered Capacitors



 

Fixed harmonic filters 2 ½
 

times cost of 
conventional



 

Automatic harmonic filters 50% higher than 
conventional



 

Consider use of high harmonic capacitor 
cells that can be upgraded to a filtered back 
if future conditions require 



Capacitors and Nominal Voltage



 

The amount of kVAr is based on a nominal voltage 
of 600 volts. As the voltage increases above 
nominal, the amount of useable kVAr increases and 
as the voltage decreases below nominal, the amount 
of useable kVAr decreases. For example, 130 kVAr 
rated at 600 volts will only deliver 119.4 kVAr at 575 
volts. Conversely, it would deliver 136.6 kVAr at 615 
volts.



Maximum Fixed Capacitor Sizes for 
Disconnects/Breakers 150% not 135%

Disconnect Size 208 Volts 480 Volts 600 volts 
30 amps 7.5 15 20 
60 Amps 15 30 40 
100 Amps 22.5 55 65 
200 Amps 45.1 110 135 
400 Amps 90.1 220 280 
 



PF Correction Multipliers



KVAR for Motors for 95% PF
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