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What is Allied Converters ?What is Allied Converters ?

Small, light manufacturer of Plastic Small, light manufacturer of Plastic 
Food PackagingFood Packaging

55,000 square foot facility in             55,000 square foot facility in             
New Rochelle New Rochelle (Westchester County)(Westchester County)

80 KW 80 KW –– 90 KW Peak Summer Demand90 KW Peak Summer Demand
•• Would be 110 KW without CHP driven chillersWould be 110 KW without CHP driven chillers



Three sources of Power at Three sources of Power at 
Allied ConvertersAllied Converters

Utility (Con Ed)Utility (Con Ed)
•• As neededAs needed

CHP (Combined Heat & Power)CHP (Combined Heat & Power)
•• 45 KW maximum electric power output45 KW maximum electric power output

•• 48 KW 48 KW –– 3 KW of Overhead to operate pumps3 KW of Overhead to operate pumps
•• First grid connected microFirst grid connected micro--turbine system in the Con turbine system in the Con 

Ed service areaEd service area

Solar PV (PhotoSolar PV (Photo--voltaic)voltaic)
•• 45 KW AC maximum45 KW AC maximum
•• First commercial solar array in New RochelleFirst commercial solar array in New Rochelle



Utility InterconnectionUtility Interconnection



CHP system (MicroCHP system (Micro--turbines)turbines)



PhotoPhoto--voltaic Solar Arrayvoltaic Solar Array



What are What are Reactive PowerReactive Power
 

and and 
Power FactorPower Factor??

Power = Current (I) x Voltage (V)Power = Current (I) x Voltage (V)
•• Current & Voltage are in phase (Power Factor =1.0)Current & Voltage are in phase (Power Factor =1.0)
•• Devices on System can do maximum amount of workDevices on System can do maximum amount of work



What happens when motors and What happens when motors and 
transformers are introduced into a circuit ?transformers are introduced into a circuit ?

Current waveform starts to lag behind the Current waveform starts to lag behind the 
voltage waveform because of the inductance voltage waveform because of the inductance 
of the magnetic devices.of the magnetic devices.

In the extreme theoretical case, the In the extreme theoretical case, the 
waveforms can be 90 degrees out of phase.waveforms can be 90 degrees out of phase.

Power drops because voltage is at maximum Power drops because voltage is at maximum 
when current is at 0 and vice versa.when current is at 0 and vice versa.

Power = I x V = 0Power = I x V = 0



Voltage and Current are 90 degrees  Voltage and Current are 90 degrees  
out of phaseout of phase

Power Factor = 0    No real PowerPower Factor = 0    No real Power
System can do no System can do no ““workwork””



Voltage and current 45 degrees out of phaseVoltage and current 45 degrees out of phase

Power Factor=0.7 (lagging Power Factor=0.7 (lagging –– current lags the voltagecurrent lags the voltage))



What is the result of the current and What is the result of the current and 
voltage being out of phase ?voltage being out of phase ?

Currents rise throughout the systemCurrents rise throughout the system

As currents rise, the thermal losses in all As currents rise, the thermal losses in all 
parts of the system increase.   System parts of the system increase.   System 
loses efficiency.loses efficiency.

Power  P = IPower  P = I22 x R       x R       (R is the resistance of the wires (R is the resistance of the wires 
and motors, etc.)and motors, etc.)



Building PF= .7 Building PF= .7 фф
 

= 45 degrees= 45 degrees
 

Power Factor=cosine Power Factor=cosine фф
 

= Real Power / Apparent power= Real Power / Apparent power

ф

Apparent Power = 85 KVA
I AVG

 

= 227 Amperes

Actual current of system is 
70% higher than the ideal 
current

Thermal Losses in all 
components are 3 x higher

Real Power = 60 KW
I AVG

 

= 133 Amperes  if  PF=1.0

Reactive Power = 60 KVARReactive Power = 60 KVAR

What is Reactive Power ?
It is the component of Apparent Power that is 90 degrees out 
of phase with the Real Power.
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Before Power Factor CorrectionBefore Power Factor Correction
Electrical Data - 64 Drake Ave       12-11-2007
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What are the effects of a Large amount of What are the effects of a Large amount of 
Reactive PowerReactive Power

 
and a Low and a Low Power FactorPower Factor

 
on on 

the Utility Network?the Utility Network?
Greater power losses occur in all components caused by Greater power losses occur in all components caused by 
higher currents.  These losses manifest as heat. (P=Ihigher currents.  These losses manifest as heat. (P=I22 x R)x R)

Burning wires and cables  (QueensBurning wires and cables  (Queens--2006)2006)

Burning transformers Burning transformers 

Increased generation required to compensate for lossesIncreased generation required to compensate for losses

Wasted EnergyWasted Energy

Increased Greenhouse Gas Emissions from extra power Increased Greenhouse Gas Emissions from extra power 
productionproduction



Can the problem be fixed ?Can the problem be fixed ?

Yes.  By adding Power Factor Yes.  By adding Power Factor 
Correction to the service.Correction to the service.



What is Power Factor Correction?What is Power Factor Correction?

Power Factor Correction rePower Factor Correction re--aligns the aligns the 
voltage and current waveforms so that they voltage and current waveforms so that they 
are in phase.are in phase.

Power Factor Correction Capacitors are Power Factor Correction Capacitors are 
sized for each inductive load on the system sized for each inductive load on the system 
and wired in parallel with the inductive load.and wired in parallel with the inductive load.

They must be wired so that they only operate They must be wired so that they only operate 
when the load is energized.  when the load is energized.  



Installation of Power Factor Installation of Power Factor 
CorrectionCorrection

45 KVAR Located at Service Entrance

7.5 KVAR Located at Load7.5 KVAR Located at the load



What are the advantages of each type ?What are the advantages of each type ?

At the service entranceAt the service entrance –– Good for the UtilityGood for the Utility

•• Easier maintenance of Power Factor correction Easier maintenance of Power Factor correction 
system.  Installation is centralized.system.  Installation is centralized.

•• Improves Utility Power Factor.                                 Improves Utility Power Factor.                                 
Reduces grid losses by reducing KVAR and the Reduces grid losses by reducing KVAR and the 
associated KW on the utility network.associated KW on the utility network.



What are the advantages of each type ?What are the advantages of each type ?

At the LoadAt the Load –– Good for everyoneGood for everyone

•• This is the most effective installation.This is the most effective installation.

•• Improves Utility Power Factor.  Even greater reduction   Improves Utility Power Factor.  Even greater reduction   
of grid losses by reducing KVAR and KW after the meter of grid losses by reducing KVAR and KW after the meter 
also.  Results in a greater current reduction.also.  Results in a greater current reduction.

•• Reduces building losses and lowers the utility bill by Reduces building losses and lowers the utility bill by 
reducing thermal losses within the customer premise.reducing thermal losses within the customer premise.

•• Reduces thermal degradation of facility electrical Reduces thermal degradation of facility electrical 
devices and associated maintenance.devices and associated maintenance.

•• Pays for itself.Pays for itself.



VcVc ff



During Power Factor CorrectionDuring Power Factor Correction

Electrical Data - 64 Drake Ave       12-11-2007 to 12-14-07
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12/11
12/12

12
Capacitan

compresso
1 

17

12/13
Correction
Added to 
screw
compressor

12/14 
Correction
Added to 4 
machines

12/17 
Correction 
added to 2 
machines



After Power Factor CorrectionAfter Power Factor Correction
Electrical Data - 64 Drake Ave       01-24-08
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Power Factor Correction Greatly Power Factor Correction Greatly 
Enhances The Effect of DGEnhances The Effect of DG

DG or PF Correction alone only result in a DG or PF Correction alone only result in a 
30% reduction in grid currents30% reduction in grid currents

Used together, they result in an 80% Used together, they result in an 80% 
reduction in grid currentsreduction in grid currents

Resulted in > 5.3% reduction in Customer Resulted in > 5.3% reduction in Customer 
Premise KW when improving PF from .75 to Premise KW when improving PF from .75 to 
.95  .95  (New facility with updated wiring to the latest codes)(New facility with updated wiring to the latest codes)



BEFORE
Utility Current

IAVG =89.4

AFTER
Utility Current

 
IAVG =73.3

down 18%
7% Reduction in

Building Current



TheThe 

BiggerBigger 
PicturePicture



Increase in Electric LoadIncrease in Electric Load
Increase in Air Conditioning LoadIncrease in Air Conditioning Load

•• 56% of Residences had Air Conditioning in 197856% of Residences had Air Conditioning in 1978
•• 77% had Air Conditioning in 200177% had Air Conditioning in 2001

 
(Source: NY Times August 2, 2006)(Source: NY Times August 2, 2006)

Every Desktop computer has a 200 Every Desktop computer has a 200 -- 300 watt power 300 watt power 
supply that is a relatively large source of reactive powersupply that is a relatively large source of reactive power

Widespread use of Metal Halide and other transformer Widespread use of Metal Halide and other transformer 
based lighting w/ based lighting w/ ““poorpoor”” PFPF

The new CFLThe new CFL’’s that are replacing incandescent bulbs, s that are replacing incandescent bulbs, 
while reducing KW load are increasing KVAR load.  The while reducing KW load are increasing KVAR load.  The 
effect on apparent power is not as great  as on the real effect on apparent power is not as great  as on the real 
power.  Some have a PF=.54 and 125% harmonic power.  Some have a PF=.54 and 125% harmonic 
distortion.distortion.



Apply Power Factor Correction Apply Power Factor Correction 
Across the Entire Service AreaAcross the Entire Service Area

Precedent set with water distributionPrecedent set with water distribution

Backflow Preventers are required to Backflow Preventers are required to 
prevent Customer Premise prevent Customer Premise ““contaminantscontaminants””
from entering utilityfrom entering utility’’s distribution networks distribution network

Apply concept to Electric DistributionApply concept to Electric Distribution



Results of Network Wide Results of Network Wide 
Power Factor CorrectionPower Factor Correction

Enhanced Results from DG and DG InvestmentsEnhanced Results from DG and DG Investments

Improved Service Improved Service -- Fewer Network FailuresFewer Network Failures

Improved Energy Efficiency Improved Energy Efficiency -- Fewer Losses within the Fewer Losses within the 
system   (Transmission & Customer Premise)system   (Transmission & Customer Premise)

Lower Energy Costs resulting from  Higher Energy Lower Energy Costs resulting from  Higher Energy 
Efficiency & Reduced MaintenanceEfficiency & Reduced Maintenance

More Capacity Available on Existing NetworkMore Capacity Available on Existing Network

Reduction of Greenhouse Gas EmissionsReduction of Greenhouse Gas Emissions



Can Network Wide Power Factor Correction be Can Network Wide Power Factor Correction be 
Applied Cost Effectively to Smaller Businesses Applied Cost Effectively to Smaller Businesses 

and Residencesand Residences

A study Done in A study Done in WhitbyWhitby, Ontario in a Residential Subdivision during , Ontario in a Residential Subdivision during 
2005 documented large  potential savings2005 documented large  potential savings

Our analysis of a residence indicates that a home w/ two Air Our analysis of a residence indicates that a home w/ two Air 
Conditioning Compressors could be corrected with three PF deviceConditioning Compressors could be corrected with three PF devices s 
for approximately  $ 600 in equipment, plus 3 hours labor. for approximately  $ 600 in equipment, plus 3 hours labor. 
(Using available commercial devices)(Using available commercial devices)

Pilot Project Proposed for New Rochelle.  Awaiting approval of Pilot Project Proposed for New Rochelle.  Awaiting approval of 
NYSERDA Funding.  Will Involve 80 to 100 homes.  Con Ed has agreNYSERDA Funding.  Will Involve 80 to 100 homes.  Con Ed has agreed ed 
to provide $ 10,000 worth of labor and engineering to assist thito provide $ 10,000 worth of labor and engineering to assist this s 
project.  New Rochelle has waived permit fees and the final inspproject.  New Rochelle has waived permit fees and the final inspection ection 
fees have been reduced by 40%.  We are presently working on gettfees have been reduced by 40%.  We are presently working on getting ing 
UL approval for a less expensive device for residences to furtheUL approval for a less expensive device for residences to further r 
reduce costs.reduce costs.

Possible Use of Smart Grid Technology to offer the Utility the aPossible Use of Smart Grid Technology to offer the Utility the ability to bility to 
monitor and control Power Factor on the secondary of each pole monitor and control Power Factor on the secondary of each pole 
transformertransformer



17.2% Reduction in current

12% reduction in real power

30% reduction in related I2R 
losses on the transmission 
lines

500 AC Units in One 
Apartment Complex

80-100 KVA Reduction in 
utility load

COST

Approx. $ 75,000 initially,   
$ 35,000 in mass 
production
($ 450 -

 

$ 900/KW)
No Fuel Cost

SAVINGS

$ 160,000 for equivalent 
power plant construction
($ 1600/KW) Will Use      
$ 15,000 fuel  in 2 months

1200 MCF Natural Gas

25 Tons CO2 Emissions

WINDOW AIR CONDITIONER



Potential Energy Savings Resulting from Potential Energy Savings Resulting from 
Network Wide Power Factor Correction        Network Wide Power Factor Correction        

(Con Ed Service Area)(Con Ed Service Area)

Reduce Transmission Losses by 125 Megawatts (MW)Reduce Transmission Losses by 125 Megawatts (MW)

Reduce Customer Premise Losses by 4%                            Reduce Customer Premise Losses by 4%                            
( 500 Megawatts)( 500 Megawatts)

Reduce Energy Usage by 1600 MWReduce Energy Usage by 1600 MW
(40%  Generation efficiency, 92% Distribution Efficiency)(40%  Generation efficiency, 92% Distribution Efficiency)

Reduce Natural Gas Consumption by 53,000 Therms per Hour (3 Reduce Natural Gas Consumption by 53,000 Therms per Hour (3 
million  to 5 million Cubic Feet per Hour)million  to 5 million Cubic Feet per Hour)

•• 27 billion to 45 billion cubic feet of natural gas annually27 billion to 45 billion cubic feet of natural gas annually

Reduce Annual COReduce Annual CO22 Emissions by 700,000 tonsEmissions by 700,000 tons



$$ Savings Resulting from Network Wide $$ Savings Resulting from Network Wide 
Power Factor CorrectionPower Factor Correction

Reduced Cost of Equipment because of fewer failuresReduced Cost of Equipment because of fewer failures

Lower residual costs related to power  failures                 Lower residual costs related to power  failures                 
(e.g. Spoiled Food, Lost Business, etc.)(e.g. Spoiled Food, Lost Business, etc.)

Reduced Labor Costs Reduced Labor Costs -- Labor can be used to improve the Labor can be used to improve the 
network instead of maintaining the status quo.network instead of maintaining the status quo.

Eliminates need for Large Power Plant ConstructionEliminates need for Large Power Plant Construction

Lower customer electric billsLower customer electric bills

$ Save 550 million of Fuel Annually       $ Save 550 million of Fuel Annually       (at $ 12.00 per 1000 CF)(at $ 12.00 per 1000 CF)



Environment needed to achieve Environment needed to achieve 
Network Wide Power Factor CorrectionNetwork Wide Power Factor Correction
Regulatory Support  Regulatory Support  --

•• KVAR charges commensurate with their actual costKVAR charges commensurate with their actual cost
•• Modification of Electrical Codes to Require High PFModification of Electrical Codes to Require High PF
•• Requirements that new equipment has  PF correction Requirements that new equipment has  PF correction 

installed at the factory (e.g. Air Conditioning)installed at the factory (e.g. Air Conditioning)

Financial Support Financial Support --
•• NYSERDA Smart Loans to defer cost over time.  This will NYSERDA Smart Loans to defer cost over time.  This will 

allow the real savings to pay for the debt and minimize allow the real savings to pay for the debt and minimize 
resistance to the project from the customer side.resistance to the project from the customer side.

Utility Support Utility Support --
•• Staff and data will be needed to provide feedback on the Staff and data will be needed to provide feedback on the 

condition of the utility network where correction is being condition of the utility network where correction is being 
implemented and to confirm that the installation is workingimplemented and to confirm that the installation is working



LogisticsLogistics
PersonnelPersonnel

Structured, Simplified ProgramStructured, Simplified Program

EquipmentEquipment

Centralized Engineering SupportCentralized Engineering Support

Centralized Oversight and DatabaseCentralized Oversight and Database



ConclusionsConclusions
DG can help to greatly reduce demand on the utility network DG can help to greatly reduce demand on the utility network 
and reduce transmission lossesand reduce transmission losses

Power Factor Correction must be included in all high PF, Power Factor Correction must be included in all high PF, 
inverter based DG installations and depending on the size of inverter based DG installations and depending on the size of 
the DG plant, in the surrounding area as wellthe DG plant, in the surrounding area as well

Power Factor Correction in all customer premises will Power Factor Correction in all customer premises will 
improve energy efficiency  and service while reducing costs improve energy efficiency  and service while reducing costs 
and pollutionand pollution

Power Factor Correction is both economically and Power Factor Correction is both economically and 
logistically feasiblelogistically feasible

Power Factor Correction is an environmental necessityPower Factor Correction is an environmental necessity
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