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G t I t ti PGenerator Interconnection Process
• Application For An Interconnection With Utilitypp y
• Interconnection studies (system impact)
• Interconnection Agreementg
• Design & Construction
• Commissioning Testing
• Parallel Operation



I t ti R i tInterconnection Requirements
• OperationsOperations

– Technical
– Administrative

• Revenue Metering
• System ProtectionSystem Protection
• SCADA - Monitoring



O ti l R i tOperational Requirements
• Power factor correction at inter-tie or point of deliveryp y
• Voltage over ride capabilities (Wind)
• Firm vs Non Firm energy

F t d ti ti• Forecast and operation reporting
• Prudent Operation and Maintenance Required
• Curtailment and DisconnectionCu ta e t a d sco ect o
• Design Reviews and Inspections
• Right to Access.



Revenue Metering And Telemetry

• Gross, net, and station service revenue metering 
• Remote communication to revenue meters• Remote communication to revenue meters
• Real time telemetry



R M tRevenue Meters



S t P t tiSystem Protection
• Protection requirements by utilities are designed to protect 

tilit t d t th ti f ilitutility system and not the generating facility.
– Dedicated transformer with grounds at utility side.  Transformer may 

needs to have delta winding to suppress harmonic
Ph d d f l i– Phase and ground fault protection

– Direct transfer trip for anti-islanding
– Over and under voltage trip functions 
– Over and under frequency
– Direct transfer trip and relay communication
– Auto reclose & synchronization with utilities
– Visible disconnect
– Fault interrupting device



S t P t ti C ti dSystem Protection - Continued
• Compliance with NERC, WECC and Balancing Authority p , g y

requirements
• Relay coordination
• Relay maintenance• Relay maintenance
• Outage investigation
• Under voltage over-ride to stay on line during transmission g y g

disturbance
• Documentation



SMUD Participation in – CAISO ParticipatingSMUD Participation in CAISO Participating 
Intermittent Resource Program (PIRP)

• Allows wind-powered generators to schedule energy without incurring p g gy g
imbalance charges when the delivered energy differs from the scheduled 
amount

• Access to Day-Ahead and Hour-Ahead MWh forecasts.
• Hourly imbalance from Actual and Scheduled energy are netted on a• Hourly imbalance from Actual and Scheduled energy are netted on a 

monthly basis and applied a weighted-average price.
– Moving Average Error = ± 12%
– Forecasting Bias = ± 0.3%

S i f f $0 10 / MWh• Service fee of $0.10 / MWh.
• Terms of Participation

– 1 MW of rated capacity or higher.
– Must have a single point of connection to the utility 
– Agreements and Letter of Intent
– Install a Data Processing Gateway for MET data feeds and provide on-site forecast 

modeling information (plant size, location, turbine height, etc)



PIRP PROCESSPIRP PROCESS 
• Data collected from real-time Meteorological (MET) towers, generation 

o tp t and sched led o tage information from the sitesoutput, and scheduled outage information from the sites
• Data is sent to an independent Forecasting Service Provider (FSP) via high 

speed data links.  
• The FSP processes the data through several modeling techniques and p g g q

forwards the results to the interconnected utility.
• The interconnected utility sends Day-Ahead and Hour-Ahead MWh 

Forecast Schedules to generator’s Scheduling Coordinators (SCs).
• The SCs then submit their DA/HA schedules based on the forecast back to• The SCs then submit their DA/HA schedules based on the forecast back to 

the interconnected utility.
• The utility validates the actual hourly power delivery against the forecast 

and move that hour’s imbalance to the “monthly netted”. 



PIRP PROCESSPIRP PROCESS

Source: CAISO



Communication Equipment For Meters To 
P i i I PIRPParticipate In PIRP



WECC Generator Low Voltage Ride-Through (LVRT) Criterion g g ( )
(PRC-024-WECC-1-CR)

Purpose: 
To ensure that generators remain in service during specified voltage excursions and do not 
trip off-line as a result of improper generator protective relays settings. 

Effective Date: May 1, 2009

Applicability
• Individual generating unit or a site of generators where the sum of the of all generators at the 

high voltage side of the generating plant step-up transformer is ≥ 20 MVA and high side 
voltage levels are ≥ 60 kV.

• Wind generation units installed after January 1 2008 are required to meet this criterion• Wind generation units installed after January 1, 2008 are required to meet this criterion.  
• Generating units existing before the effective date are exempt from meeting this criterion for 

the remaining life of the existing generation equipment.  This includes generators under 
construction and generators with an executed interconnection agreement or Power Purchase 
Agreement, or generators with an executed equipment purchase contract and scheduled 
delivery within two yearsdelivery within two years.  

• Existing wind generators installed before January 1, 2008 that are replaced or upgraded that 
result in an increase of nameplate rating by more than 10 percent are required to meet this 
criterion 



Requirements – Cont’dRequirements Cont d
FERC Rule 661A 

All generators required to remain in-service during three-phase faults on the 
transmission system with normal clearing (for nine cycles) unless clearing the 
fault disconnects the generator from the transmission system. 
 Cl i ti i t f th h f lt h ll b ifi t th Clearing time requirement for a three-phase fault shall be specific to the 

generators’ substation location, as determined by the Transmission 
Service Provider. 

 If fault is not cleared in the location-specific normal clearing time for 
h h l h di h i ithree-phase faults, the generators may disconnect from the transmission 

system. 
 Generators shall remain interconnected during a three-phase fault on the 

transmission system for a voltage level as low as zero volts, as measured y g ,
at the high voltage side of the generating plant step-up transformer.



Requirements cont’dRequirements – cont d 
All t i d t i i i d i i l li t d f ltAll generators are required to remain in-service during single-line-to-ground faults on 
the transmission system with delayed clearing unless clearing the fault disconnects the 
generator from the transmission system.

G P i S h ll i h f h l lGenerators Protection Systems shall not trip the generator for the low voltage 
deviations of 20 percent for 40 cycles at the high voltage side of the generating plant 
step-up transformer. 
 Generators may be tripped after fault initiation if this action is intended as part of 

a Special Protection System (SPS)a Special Protection System (SPS). 

The Transmission Service Provider shall provide to the Generator Owner the normal 
breaker clearing time for three-phase faults and delayed clearing time for single-line-to-
gro nd fa lts at the high oltage side of the generating plant step p transformerground faults at the high voltage side of the generating plant step-up transformer.



Generator Low Voltage Ride-Through Criterion



California's Rule 21California s Rule 21
• Why did we need Rule 21?

iff C lif i ’ ili i d– Different processes across California’s utilities – vendors 
– Inconsistent applications of the rules (even within a utility)
– Overly conservative, size based, rules

• Net-metering Legislation
• Inverter based technologies
• Quickly Identifies “Plug & Play” installations 

– Certified Inverters
O Fl h t f ll i t ti i• One Flowchart for all interconnection reviews

• Layouts Certification Process





Certified EquipmentCertified Equipment
• Integrated Relaying Functions
• Tested by a Nationally Recognized 

Testing Laboratory (UL, CSA)
• Set to IEEE 1547 relaying set points

– Under/Over Voltage - 88% to 110% of 
N i lNominal

– Under/Over Frequency – 59.3 Hz to 60.5 Hz 
(assuming 60 Hz nominal)(assuming 60 Hz nominal) 

– Active Anti-Islanding









Protection – Ground Fault Detection Bank –
Transformer connected Wye Grounded – Broken Delta

• Employed onEmployed on 
larger (<100kW) 
synchronous 
generator 
interconnections 
t SMUD’to SMUD’s 
distribution



Protection - Multi-Function Interconnection 
lRelays

• Standard settingsStandard settings
• All-in one design
• Redundancy (shown)• Redundancy (shown) 

not typically required



Landfill Gas Energy Projectgy j

• 1996 LES installed 145 gas g
collection wells

• 1999 Phase 2 construction began 
• Phase 2 expanded generation to• Phase 2 expanded generation to 

9MW’s
• Uses 3 Caterpillar 3616 engine 

3 MVA hgenerator sets, 3 MVA each. 
• Phase 3 Expansion – 15 MW’s total
• Interconnection to SMUD grid atInterconnection to SMUD grid at 

69kV
• Power purchased by SMUD under 

long term agreementlong-term agreement



Grid InterconnectionGrid Interconnection
• Make it easy
• Simplified and standardized rules for interconnection
• Reduce time to deploy

L t t t• Lower cost to connect
• Eliminated uncertainty

Enable rene able energ interconnection and de elopment• Enable renewable energy interconnection and development
– Established an environment that supports renewable technologies

– Incent distributed generation (Solar PV Wind CHP micro-turbinesIncent distributed generation (Solar, PV, Wind, CHP, micro turbines, 
fuel cells, etc)



Questions?Questions?
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Profile – Jaspal Deol, PE
• Registered Professional Engineer – State of California
• 26 years of Electric Utility experience

– Generation, Transmission, and Distribution
• 20+ years in Renewables (Photovoltaic, Wind, Geothermal)
• Various leadership positions in Design & Construction Grid operationsVarious leadership positions in Design & Construction, Grid operations, 

System Protection, Power Operations Planning, Customer Services, and 
New Services

• Board of Directors – Sacramento Hispanic Chamber of CommerceBoard of Directors Sacramento Hispanic Chamber of Commerce
• Board of Directors – Indus Valley American Chamber of Commerce
• Presidents Community Council member - California State University, 

SacramentoSacramento
• Past Vice-Chair – IEEE Sacramento Section



More Information

www.smud.org
www.ourgreencommunity.org

Thank you,hank you,
Jaspal Deol
jdeol@smud.org
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