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» 12,200 Circuit Miles
» 3,000 Transformers
» 40 RMR Capacitors
» 2 SVC’s
» SC’s retired

» 86,000 Circuit Miles
» 690,000 Transformers
» 12,000 Capacitors

Distribution

Transmission

Customers
» 4.8 Million Customers
» 22,889 MW Load

SCE Profile

» 50,000 Mile2 Service Territory
» 120 Years of Service
» $17 Billion T&D Assets

SCE 
Territory
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System Level VAR Planning

» VAR Planning Criteria
Net Zero, Distribution, 
Subtransmission, Area 
Interfaces
Target Self Sufficiency at 
Peak
Conservative, Minimizes 
Losses, Simplifies 
Planning and 
Implementation 
Limits Operational 
Flexibility and 
Optimization
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Distribution VAR Planning

» CPUC Criteria
Rule 2, Customer Load, +/- 5% nominal v-range
Rule 21, Customer Generation, no regulation
DRIVER – Acceptable service to load

» Distribution VAR Projects
‘Commodity’ Solution, Bulk Planning
Emerging Practices
· DER/DR For Bulk System Support
· Centralized Reactive Resource Control
· Hierarchical Control Schemes
· Increasing system stress, advancing VAR management practice, 

Valley, Devers, Rector 
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Transmission VAR Planning

» WECC/NERC Criteria
Steady State, N-1, 5%
Post-Transient, N-1, 7%/margin
Transient, N-1, 20%
DRIVER - AVOID WIDE AREA CASCADING IMPACTS

» Transmission VAR Projects
Discreet, Highly Engineered Solutions
RMR Capacitors
· 3,000 MVAR switched 230 kV caps, 1999-2003

Valley and Mira Loma 500 kV Shunt Caps
Devers & Rector 230 kV SVC’s
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VAR Challenges… to Opportunities

» System Isolation… to Coordination
Distribution
Subtransmission
Transmission

» Fragmented Ownership… to Unified Purpose
Field Engineering
Engineering Advancement
Transmission & Interconnection Planning

» Enabling Driver, A/C Stall
» Enabling Activity, RD&D
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A/C Stall, An Opportunity

» System Isolation to Coordination
Cross-System Phenomena: Load Through Transmission

» Fragmented Ownership…to Unified Purpose
Across Utility, Across Industry, Across Economy

» What Is It?
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A/C Stall, Transmission Planning
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A/C Stall, Eng. Adv. & Field Engineering
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A/C Stall, Eng. Adv. & Field Engineering
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Enabling Activity, DER Research

» Circuit of the future
Value of Dynamic VARS

» DOE DG Integration, Catalina Island
Beyond IEEE 1547 Rule 21
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SCE’s Circuit of the Future, Avanti 12 kV
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D-FACTS Functionality, D-SVC Spec Development
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D-FACTS Functionality, D-SVC Spec
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Modeled “Virtual” Circuit of the Future,        
WVU DoE Project, D-SVC Sizing

CoF Project “for Simulation”, 1MVA DG                              
>> Adjacent circuit for emergency reconfiguration  
>> Same circuit for V-regulation and loss reduction

CoF Project Physical Implementation,                              
>> Add 3 Inter-circuit Remote Control Interrupters 
(RCI), to increase fault isolation,                             
>> Add 6.5 MVAR SVC for voltage sag mitigation
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CoF, Notional Benefits of Improved Performance, 
WVU DoE Project

» Voltage Improvement and Loss Reduction
Circuit Voltages w/ DG,  0.96-0.99     0.98-1.00
Loss Reduction Impact, 140 MWh/yr for CoF
7 cents/kWh saved energy procurement, $10K/ckt-yr

» Reliability Improvement, 2X Fault Isolation
Basis: 56 Minutes, System SAIDI, Assumed 25% reduction
· Avoided lost revenue  11 cents/kWh, or Value of Service $5/kWh?
· $286K or $51 million, system savings

» Value’ in a Deterministic Planning Paradigm? 
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Proposed, Catalina DG Integration
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Proposed, Catalina DG Integration

» Develop and demonstrate use of DER technologies to 
meet at least 15% of peak load on Catalina Island through 
use of

Renewable DG: Micro hydro, PV, Wind

Energy Storage

Dynamic VAR sources
» Reactive Management Challenges 

High Penetration of Intermittent Renewables, Inverters
Microgrid Environment, IEEE 1547.4 – Beyond Rule 21
Multiple Distributed VAR Sources

» Project Team; OCC, ORNL, CE, SCE
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