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Four quadrant operation

9898

Switching states of the inverter stage

. Blanking times are used to avoid short-circuit of the
battery
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MOSMOS--FET FET driversdrivers sequencesequence fromfrom thethe clockclock
signalsignal

“Steady-States” are represented in yelow-”Transient states” in 
white.-Clock control signals in green.

TheThe control control 
signalssignals forfor thethe
MOS_FETMOS_FET andand
IGBT IGBT driversdrivers are are 
designeddesigned in in 
VHDL VHDL andand
implementedimplemented in a in a 
PLD.PLD.
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Active Voltage Clamper

Active Voltage ClampersActive Voltage Clampers
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2 2 LevelLevel BidirectionalBidirectional VSIVSI
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Converter prototyping  
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Photovoltaic ConvertersPhotovoltaic Converters
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Standards and RulesStandards and Rules

105105

Standards and RulesStandards and Rules

IEEE 1526(TM) IEEE 1526(TM) --TESTING STANDARD TESTING STANDARD 
FOR STANDFOR STAND--ALONE PHOTOVOLTAIC ALONE PHOTOVOLTAIC 
SYSTEMS (SYSTEMS (ApprovedApproved onon OctoberOctober 2003)2003)

AllowsAllows CertificationCertification ofof PhotovoltaicPhotovoltaic
SystemsSystems forfor Remote Remote LightingLighting, , PumpingPumping
andand OtherOther UsesUses
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Standards and RulesStandards and Rules

RelatedRelated standardsstandards forfor PhotovoltaicPhotovoltaic technologiestechnologies
includeinclude::
IEEE1262(TM), IEEE1262(TM), whichwhich isis concernedconcerned withwith how how thethe
photovoltaicphotovoltaic module module functionsfunctions, , 
IEEE 1361(TM), IEEE 1361(TM), whichwhich addressesaddresses thethe batteriesbatteries
usedused in in photovoltaicphotovoltaic systemssystems. . 
Note:AllNote:All IEEE IEEE PhotovoltaicPhotovoltaic standardsstandards are are sponsoredsponsored by by 
thethe IEEE IEEE StandardsStandards CoordinatingCoordinating CommitteeCommittee (IEEE (IEEE 
SCC21) SCC21) onon FuelFuel CellsCells, , PhotovoltaicsPhotovoltaics, , DispersedDispersed
GenerationGeneration, , andand EnergyEnergy StorageStorage..
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Standards and RulesStandards and Rules
IEEE STANDARD ON INTERACTIONS BETWEEN IEEE STANDARD ON INTERACTIONS BETWEEN 
ISLANDED POWER SYSTEMS AND AREA POWER ISLANDED POWER SYSTEMS AND AREA POWER 
GRIDS GRIDS 
IEEE 1547™, "Standard for Interconnecting IEEE 1547™, "Standard for Interconnecting 
Distribution Resources with Electric Power Distribution Resources with Electric Power 
Systems,"Systems,"

108108

Standards and RulesStandards and Rules

IEEE P1547.3™, aids interoperability by IEEE P1547.3™, aids interoperability by 
offering guidelines for monitoring, offering guidelines for monitoring, 
information exchange and control among information exchange and control among 
fuel cells, photovoltaics, wind turbines and fuel cells, photovoltaics, wind turbines and 
other distributed generators other distributed generators 
interconnected by an electrical power interconnected by an electrical power 
system.system.
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Standards and RulesStandards and Rules

IEEE P1547.4™, "Guide for Design, IEEE P1547.4™, "Guide for Design, 
Operation, and Integration of Distributed Operation, and Integration of Distributed 
Resource Island Systems with Electric Resource Island Systems with Electric 
Power Systems." "The standard Power Systems." "The standard 
addresses the many coordination issues addresses the many coordination issues 
involved in creating a safe and seamless involved in creating a safe and seamless 
interconnect between power utilities and interconnect between power utilities and 
islanded power generators."islanded power generators."

110110

Standards and RulesStandards and Rules

Acceptable Voltage Variation atAcceptable Voltage Variation at
Distribution Points (Low VoltageDistribution Points (Low Voltage
Consumers May See Wider Variations)Consumers May See Wider Variations)
Country           Acceptable rangeCountry           Acceptable range
U.S.A.                 U.S.A.                 ±5 percent±5 percent
France                ±5 percentFrance                ±5 percent
U.K.U.K. ±6 percent±6 percent
Spain                 ±7 percentSpain                 ±7 percent

111111

Standards and RulesStandards and Rules

Allowable StepAllowable Step--Change in VoltagesChange in Voltages a a 
customer cancustomer can causecause by by stepstep loadingloading or or 
unloadingunloading
Country            Allowable rangeCountry            Allowable range
France      France      ±±5 percent5 percent
U.K.        U.K.        ±±3 percent3 percent
Germany    Germany    ±±2 percent2 percent
Spain       Spain       ±±2 percent for wind generators2 percent for wind generators
±5 percent for embedded generators±5 percent for embedded generators
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Standards and RulesStandards and Rules

Renewable Power Generation LimitRenewable Power Generation Limit
in Percent of the Grid Short Circuitin Percent of the Grid Short Circuit
Capacity at the Point of InterfaceCapacity at the Point of Interface
Country           Allowable limitCountry           Allowable limit
Germany              2 percentGermany              2 percent
Spain                 5 percentSpain                 5 percent
Other countries        EvolvingOther countries        Evolving

Source:Wind and Solar Power Systems-Mukund R. Patel-CRC Press
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Costs and Economic ConsiderationsCosts and Economic Considerations
for Photovoltaic Systemsfor Photovoltaic Systems
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Subsidies in the Energy MarketSubsidies in the Energy Market

The International Energy Agency (IEA) The International Energy Agency (IEA) 
defines energy subsidies as any defines energy subsidies as any 
government action which concerns government action which concerns 
primarily the energy sector and which primarily the energy sector and which 
lowers the cost of energy production, lowers the cost of energy production, 
lowers the price paid by energy lowers the price paid by energy 
consumers or raises the price received by consumers or raises the price received by 
energy producers. energy producers. 
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Pool Pool ElectricalElectrical EnergyEnergy ((SimulatedSimulated CostCost))

In Spain the Pool Electrical Energy Cost is Calculated
by the CNSE-National Commission of the Electrical System

0.030 EUR

0.020 EUR
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