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Outline

e Overview of Impact of Distributed Generation
(DG) on Feeder Protection

e Inverter-Interfaced DG
o Voltage vs. Current Control Scheme
o Fault Current RMS Profile
o DG Protection — Tripping time

e (Case Study - Hardware in the Loop (HIL) Test

* Possible Solutions
o Adaptive overcurrent protection
o Distance and directional comparison
o Partial differential protection



Overview of the Impact
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« Constantly changing fault levels properly
(connection status of DGis highly variable) coordinate




Overview of the Impact
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Overview of the Impact
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Factors Affecting the Impact

» Featuresof DG
- Types of DG (conventional or [IDG)
- Impedance / control and protection of DG
- Grounding and interface transformer

* Integration of DG
- Locations of DG on the feeder
- Penetration level

« System being integratedto
- Configuration and impedance of feeder
- The existing protection of feeder



Conventional Generator vs. IIDG
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* Much less thermal fuse duty (1*2*t) with IIDG

« Rather high sub-transient and transient current with
synchronous DG; [IDG settles down almost instantly




Fault Behavior of IIDG

 Hardto predict using a generalized IIDG model
- Mainly determined by control

- Individual designer has own preference

- Non-linearities in both control and hardware
protection

« Hard boundaries constrain IIDG design
- Qverload limitations of IGBT devices

- Certain standards pertaining to grid integration
reguirements

Hard to predict but still able to obtain a rough idea

and estimate its impact on feeder protection.



Voltage vs. Current Control Scheme
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Fault Current RMSProfile
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T1: transient fault duration

Al: transient fault current magnitude

T2: steady-state fault duration

A2: steady-state fault current magnitude

Voltage range (% of base voltage)? Clearing time (s)°
V<50 0.16
50<V <88 2.00
110<V <120 1.00
V>120 0.16

aBase voltages are the nominal system voltages stated in ANSI C84.1-1995, Table 1
bDR < 30 kW, maximum clearing times; DR > 30 kW, default clearing times

10



Other Aspects Affecting the Impact

Fault Current Composition

— No active voltage reqgulation (IEEE 1547)

(Very little reactive current during steady state;
higher reactive current during transient)

— Voltage requlation (E.ON grid code)

(Significant level of reactive current based on
voltage level)

 Sequence Current
— Negative sequence

— Zero sequence (grounding and interfacing
transformer)
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Case Sudy - Setup

 Hardware-in-the-loop (HIL) Test Using RTDSand a
Commercially Available Solar Inverter Control

e Existing protection: fuse-saving scheme
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Case Sudy —IDG Fault Behavior
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Impact on Fuse-Saving Scheme
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Possible Protection Solutions

« Adaptive Overcurrent Protection
- Directional overcurrent with dynamic settings

« Distance and Directional Comparison Protection
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Line Differential based Solution

e Ignores load flow change

 |nsensitive to fault current level change
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Partial Differential
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 Motor back feeding
e Transformer inrush

o Zero-sequence current due to external
ground fault
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Conclusion

 DGposes a challenge on feeder protection

* |IDGshould be treated separately from
conventional generator

 Hardware boundaries and grid code help estimate
IDG's fault behavior

e Fault current limited by control, but the impact can
ne significant with high penetration level

 Adeveloping area —many options being explored

e Smulation of fault scenarios of a feeder with a
given type of DG will help
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