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H��� PV P���������� C�������

• Operational Concerns (PV Power Variability)
• Monitoring and ensuring resource adequacy
• Frequency regulation
• Voltage regulation
• Impact is highly location dependent (urban vs rural)
• O&M impacts

• Engineering / Planning
• Capacity planning (size, location, time, guaranteed production)
• Volt/ VAr planning
• Conservation Voltage Reduction impacts
• Electrical models
• Transient analysis tools

• Regulatory
• Rule 21
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• Rule 2
• Cost causation
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LH��� L����� �� PV � ��� 

G���• Voltage
• Overvoltage

• Demand/Energy
• PV impact on peak 

d d/l d th• Voltage fluctuations
• LTC/regulator/cap bank impact
• Unbalance

demand/load growth
• Annual losses
• Annual energy consumption
• Impact on CVR

• Protection
• Unintentional islanding “potential”

• Load mismatch
• Interconnect transformer connection

• Thermal overloads

• Power QualityInterconnect transformer connection
• load rejection overvoltage
• Reverse power (directional relaying)
• Voltage events
• Frequency events

• Harmonics
• Flicker
• CEBMA Violations

• Frequency events

• Operational
• Intermittency/Variability

Ob bilit / M it i

• Utility Safety Practices
• Lineman practices
• Hotline/deadline work
• Improved mapping and tracking 
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• Observability/ Monitoring
• Forecasting PV levels
• Off Peak production

p o ed app g a d ac g
of PV to ensure safety
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L PV����� �� PV

• Technical Studies simulating high levels of distributed 
generationgeneration
• EPRI High PV Penetration Study –

• Evaluates increasingly high levels of PV Penetration 
• Includes monitoring of PV generation along actual distribution circuits and• Includes monitoring of PV generation along actual distribution circuits and 

simulation of actual intermittency
• Models customer load and generation for all hours of the year
• Includes evaluation and optimization of energy storage to mitigate impacts• Includes evaluation and optimization of energy storage to mitigate impacts 

of high PV concentration
• Evaluate benefits of using Smart Inverters for PV

• Quanta Technologies Study – Evaluates Transient and DynamicQuanta Technologies Study Evaluates Transient and Dynamic 
Impacts of distributed generation (high PV concentrations)

• PSCADD – Detailed modeling of inverters
• High PV Penetration study with DOE and UCSDHigh PV Penetration study with DOE and UCSD 

• Simulates SDG&E distribution circuits
• Conducted by EDSA
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PV Intermittency Example – H�� �� 

F������� �� � D���� B����

Daily PV 
Generation 
(2/23 – 3/10,2010)

12 hrs.
daytime

Variability 
within a 
typical day
(2/28/10)(2/28/10)

5
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Each data point recorded at 10 min intervals
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SDG&E Rule 21



SDG&E Rule 21



G����� PV E���������

•3 phase, large capacity, large conductor primary voltage
•300-500 kVA service transformer
•Large secondary network

•Obliged to provide a technically appropriate PCC for PV connection
•25% of cost on UDC•25% of cost on UDC

•Not measuring granular voltage and current data
•Voltage regulation issues on secondary network

l d hi h•Low load, high PV output
•Solution network upgrades

•German Grid Code
•Require PV systems to support the grid
•Minimize network upgrade costs
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G����� G��� C���

•German Grid Code
•Minimize network upgrade costspg
•Dynamic grid support 

•Stay connected during faults
•Support voltage by providing reactive power during faults•Support voltage by providing reactive power during faults
•Consume same or less reactive power after faults

•Active power control
dif i f•Modify power output in response to frequency

•Reactive power control
•Adjust reactive power throughout the power factor rangej p g p g
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German Grid Code – Low 
Voltage Ride ThroughVoltage Ride Through

E. Troester, “New German Grid Codes for Connecting PV Systems to the Medium Voltage Power Grid”, 2nd International Workshop 
on Concentration Photovoltaic Power Plants: Optical Design, Production, Grid Connection



German Grid Code –
Dynamic Grid SupportDynamic Grid Support

E. Troester, “New German Grid Codes for Connecting PV Systems to the Medium Voltage Power Grid”, 2nd International Workshop 
on Concentration Photovoltaic Power Plants: Optical Design, Production, Grid Connection



German Grid Code– Active 
Power SupportPower Support

E. Troester, “New German Grid Codes for Connecting PV Systems to the Medium Voltage Power Grid”, 2nd International Workshop 
on Concentration Photovoltaic Power Plants: Optical Design, Production, Grid Connection



German Grid Code –
Reactive Power SupportReactive Power Support

E. Troester, “New German Grid Codes for Connecting PV Systems to the Medium Voltage Power Grid”, 2nd International Workshop 
on Concentration Photovoltaic Power Plants: Optical Design, Production, Grid Connection



German Reactive Supply 
ApproachesApproaches
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I������ ��� S��������

• SDG&E Borrego Springs Microgrid Project
• Demonstrate controlled islanding and load/DG balancing
• Real Time Optimization and control of DG and energy storageReal Time Optimization and control of DG and energy storage
• Automatic Volt/VAr control, feeder automation

• Power Quality Field Measurement and Analysis Project
• Field data collection of distribution steady state and transient voltages on y g

distribution circuits with high levels of DG
• Data analysis and evaluation of DG impact

• Dynamic voltage support project on distribution circuit with known 
lt l ti i d t hi h l l f DGvoltage regulation issues due to high levels of DG

• Contracted General Electric to conduct analysis to size and locate dynamic voltage 
support devices

• GE to install dynamic Var device to evaluate feasibility and benefitsy y
• Energy Storage Projects to Mitigate Impacts of DG

• CEC funded Projects
• EPRI demonstration of CESS

SDG&E S t G id E St j t• SDG&E Smart Grid Energy Storage projects
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SDG�E F����� P������ P������� T� 

M������� T�D I����� �� PV�

• General Rate Case Smart Grid Projects ($ 54 Million* – Yr 2012)
• Distributed Energy Storage ($ 34 Million*)
• Dynamic Line Ratings for distribution ($ 4 Million*)
• Synchrophasors for distribution ($ 8 Million*)y p ($ )
• Dynamic Voltage support ($ 3 Million*)
• Distributed Energy Resource Management System ($ 5 Million*)

• Smart Grid Deployment Plan• Smart Grid Deployment Plan

* Costs shown in 2009 dollars, unloaded.  Cost to mitigate 120 – 130 
MW f PV SDG&E t i 2012 d t i l d T&DMW of PV on SDG&E system in yr 2012, does not include T&D 
costs of meeting 12,000 MW PV goal by 2020. 
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• Existing Rules require modification to accommodate high 
PV penetration

• Draft IEEE 1547.8, IEC 61850 can be utilized today
• Similar to German Grid Code• Similar to German Grid Code

• Actual field measurements and modeling are important 
part of the solution

• Adopt lessons learned in European countries
• Need randomization of re-connect times
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Thank you.

Thomas Bialek

Chief Engineer, Smart Gridg ,
tbialek@semprautilities.com
www.sdge.com/smartgrid/
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