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General 

Greenwich Wind LLC proposes to install PJM Project #X3-023, a 60 MW (7.8 MW capacity) 
Wind generating facility. The proposed Point of Interconnection (POI) is located approximately 
15 miles east of the existing Willard 69 kV station (see Figure 3). The proposed generating 
facility is located in the vicinity of Greenwich, Ohio (see Figure 4).  

The original in-service date requested is December 1, 2013. 

The objective of this Impact Study is to determine budgetary cost estimates and approximate 
construction timelines for identified transmission facilities required to connect the proposed 
generating facilities to the AEP transmission system.  These reinforcements include the 
Attachment Facilities, Local Upgrades, and Network Upgrades required to maintain the 
reliability of the AEP transmission system.   

Attachment Facilities 

The proposed generating facility is to be tapped between the Greenwich and the South 
Greenwich stations on the Willard – South Greenwich 69 kV line. The generating facility will be 
separated from the tapping point by a circuit breaker.   Provision will be needed to expand the 
facilities at the Point of interconnection in the future. In addition, the Willard 69 kV station 
configuration must be modified to operate as a ring bus.  A transfer trip relaying scheme will be 
required to open the wind farm breaker when the breakers at the Willard station open the Willard 
end of the Willard – South Greenwich 69 kV line (see Figure 2).   

However, the existing Willard 69 kV station does not have enough space to accommodate the 
required reconfiguration. To achieve the required space, the Willard 69 kV station will need to 
be expanded to a dimension of 200’ by 200’.  To attain the required space for the Willard 69 kV 
station expansion, a 3 acre plot of land will need to be added in the Northwest direction of the 
existing Willard 69 kV station. Greenwich Wind LLC is expected to obtain, at their cost, the 
additional land required to expand the existing Willard 69 kV station. 

In addition, the proposed X3-023 Wind generating facility will likely be required to be 
temporarily removed from service in the event of any facility outage (planned or unplanned) that 
leaves either of the 69 kV paths from Willard to Carrothers or Willard to Howard open, thereby 
leaving the Willard-S Greenwich 69 kV line as part of an extended radial path (See Figure 3). To 
ensure that this removal occurs with minimal delay, AEP Operations must have Supervisory trip 
control for the X3-023 project breaker.  These provisions, and the modification of the Willard 
station to operate as a ring bus, are needed to reduce the risk that a single contingency would 
create an island containing customer loads at a level potentially matching the wind farm output. 

The point of interconnection is also to include 69 kV metering, SCADA, and associated 
equipment. Protection relays in the surrounding area will need to be reset to accommodate the 
addition of the new project. 
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The following work is required to connect Project X3-023 to the Willard – South 
Greenwich 69 kV line: 

New Switching Station Cost: 

 Install a new 69 kV single breaker interconnection switching station laid out to 
facilitate future conversion to operation in a ring bus configuration with at least 3 
breakers. Associated disconnect switches, bus work, and 69 kV revenue metering will 
also be required.   

 AEP is developing plans to extend the Willard-South Greenwich 69 kV line to the 
south or west.  These plans are still conceptual at this time, but are envisioned to be 
implemented within the next five to seven years.  The purpose of this extension will 
be to create a looped system, thereby increasing service reliability to the customers 
served from the existing load stations and the proposed wind farm.  Some of the 69 
kV facilities in the area may also subsequently be upgraded to 138 kV. 

 When the upgrade to looped service occurs, the wind farm interconnection station 
will need to be upgraded to a three breaker ring bus configuration.  To facilitate this 
expansion with minimum impact on the wind farm operation, the site acquired for the 
interconnection station needs to be at least 3 acres.  For similar reasons, AEP also 
recommends several additional steps:   

o Design and build all facilities with spacing adequate for 138 kV operation, 
even if 69 kV equipment is installed initially 

o While a single breaker is sufficient for the initial interconnection, when the 
conversion to ring bus operation occurs, an outage of about 1 month will be 
required for installation, relay wiring and checkout.  Installation of the second 
breaker during initial construction would significantly shorten this outage 
duration. 

Estimated Cost (2013 Dollars):  $3,200,000.  (n4029) 

 Note that the customer may also wish to consider a dual voltage (138kV & 69 kV) 
high-side specification for the main transformer. 

 

Protection and Relaying Cost: 

 

Carrier Option  

 Protection and relaying including SCADA system Estimated Cost (2013 Dollars): $ 420,000 
(n4030) 

 

Fiber Optic Option 

 Protection and relaying including SCADA system Estimated Cost (2013 Dollars): $ 362,000 
(n4031) 
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Willard Station Cost: 

Carrier Option  

 Expand the existing Willard station to facilitate modification into a station initially 
operated as a 3-breaker ring bus, but physically laid out for eventual expansion to a 
breaker and a half configuration.  69 kV revenue metering and associated equipment 
will also need to be installed.  Estimated Cost (2013 Dollars): $ 4,213,400 (n4032) 

Fiber Optic Option 

 Expand the existing Willard station to facilitate modification into a station initially 
operated as a 3-breaker ring bus, but physically laid out for eventual expansion to a 
breaker and a half configuration .  69 kV revenue metering and associated equipment 
will also need to be installed.  Estimated Cost (2013 Dollars): $ 4,745,100 (n4033) 

 

Protection and Relaying Cost: 

 

Carrier Option  

 Protection and relaying including SCADA system Estimated Cost (2013 Dollars): $ 294,785 
(n4034) 

 

Fiber Optic Option 

 Protection and relaying including SCADA system Estimated Cost (2013 Dollars): $ 265,401 
(n4035) 

 

Network Impacts 

AEP has accepted the Impact Study results of PJM. The Queue Project #X3-023 was studied as a 
60.0 MW (Capacity 7.8MW) injection connected between the Greenwich and S. Greenwich 
69kV stations in the AEP area.  Project #X3-023 was evaluated for compliance with reliability 
criteria for summer peak conditions in 2015.  Potential network impacts were as follows: 

Generator Deliverability 

(Single or N-1 contingencies for the Capacity portion only of the interconnection) 

No problems identified 

Light Load Analysis 
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No new problems identified.  However, loading issues on the radial feed toward Willard, 
identified at full Energy output at peak load, may be slightly worse at lower customer load levels. 

  

Multiple Facility Contingency 

(Double Circuit Tower Line, Line with Failed Breaker and Bus Fault contingencies for the full 
energy output) 

No problems identified 

Short Circuit 

No problems identified 

Contribution to Previously Identified Overloads 

(This project contributes to the following contingency overloads, i.e. "Network Impacts", 
identified for earlier generation or transmission interconnection projects in the PJM Queue) 

No problems identified 

Steady-State Voltage Requirements 

No problems identified 

Stability and Reactive Power Requirement 

To be determined in the Facilities Study 

New System Reinforcements 

(Upgrades required to mitigate reliability criteria violations, i.e. Network Impacts, initially 
caused by the addition of this project generation) 

See Delivery of Energy Portion of Interconnection Request 

Contribution to Previously Identified System Reinforcements 

(Overloads initially caused by prior Queue positions with additional contribution to overloading 
by this project. This project may be allocated partial cost responsibility which will be calculated 
by PJM.) 

No problems identified 
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Delivery of Energy Portion of Interconnection Request 

PJM also studied the delivery of the energy portion of this interconnection request.  Any 
problems identified below are likely to result in operational restrictions to the project under 
study.  The developer can proceed with network upgrades to eliminate the operational restriction 
at their discretion by submitting a Merchant Transmission Interconnection request. 

Only the most severely overloaded conditions are listed. There is no guarantee of full delivery of 
energy for this project by fixing only the conditions listed in this section. With a Merchant 
Transmission Request, a subsequent analysis will be performed which will study all overload 
conditions associated with the overloaded element(s) identified.  

 1. The X3-023 TAP-GREENWIC 69 kV line (from bus 910610 to bus 245662 ckt 1) loads from 
12.27% to 102.25% (AC power flow) of its normal rating (50 MVA) for non-contingency 
condition. This project contributes approximately 60.0 MW to the thermal violation. 

The overload on this line will expose project X3-023 to curtailment for summer peak 
conditions.  Greenwich Wind LLC can choose to upgrade the equipment to mitigate this 
overload.  Rather than requiring the Greenwich Wind LLC to fix this overload, they could 
curtail.  However, the 69 kV facilities do not currently have SCADA to provide monitoring 
capability.  There is no way to know in real time if the lines in question would be 
overloaded.  We require adding SCADA to the Greenwich 69 kV station.  Estimated Cost 
(2012 Dollars) for the SCADA:  $250,000.   

2. The 05FOSTOR-05NEFINZ 138 kV line (from bus 243006 to bus 243054 ckt 1) loads from 
101.37% to 103.09% (AC power flow) of its emergency rating (167 MVA) for the single line 
contingency outage of CONTINGENCY DESCRIPTION ('5248_B2_TOR8651'). This project 
contributes approximately 3.37 MW to the thermal violation. 

CONTINGENCY '5248_B2_TOR8651'                                         

  OPEN BRANCH FROM BUS 245749 TO BUS 243004 CKT 1                  / 245749 
FNDCTREQ 999 243004 05FINDLC 138 1 

  OPEN BRANCH FROM BUS 243004 TO BUS 243033 CKT 1                  / 243004 05FINDLC 
138 243033 05MARN Z 138 1 

  OPEN BRANCH FROM BUS 243005 TO BUS 243006 CKT 1                  / 243005 
05FNDLYZ 138 243006 05FOSTOR 138 1 

  OPEN BRANCH FROM BUS 243005 TO BUS 243033 CKT 1                  / 243005 
05FNDLYZ 138 243033 05MARN Z 138 1 

  OPEN BRANCH FROM BUS 243005 TO BUS 243057 CKT 1                  / 243005 
05FNDLYZ 138 243057 05NEWLIB 138 1 
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  OPEN BRANCH FROM BUS 243033 TO BUS 245797 CKT 1                  / 243033 05MARN 
Z 138 245797 MARION 8 12.0 1 

  END 

The overload on this line will expose project X3-023 to curtailment for summer peak 
conditions. Developer may choose to upgrade the equipment to mitigate this overload. 

 

3. The GE TIFFI-TIFFIN T 69 kV line (from bus 245619 to bus 245638 ckt 1) loads from 
105.69% to 111.96% (AC power flow) of its emergency rating (73 MVA) for the single line 
contingency outage of CONTINGENCY DESCRIPTION ('5150_B2_TOR709A_MOAB'). This 
project contributes approximately 5.39 MW to the thermal violation. 

CONTINGENCY '5150_B2_TOR709A_MOAB'                                    

  OPEN BRANCH FROM BUS 243008 TO BUS 243130 CKT 1                  / 243008 
05FREMCT 138 243130 05TIFFIN 138 1 

  END 

The overload on this line will expose project X3-023 to curtailment for summer peak 
conditions.  Greenwich Wind LLC can choose to upgrade the equipment to mitigate this 
overload.  Rather than requiring the Greenwich Wind LLC to fix this overload, they could 
curtail.  However, the 69 kV facilities do not currently have SCADA to provide monitoring 
capability.  There is no way to know in real time if the lines in question would be 
overloaded.  We require adding SCADA to the GE Tiffin 69 kV station and the Tiffin 69 
kV Tap station.  Estimated Cost (2012 Dollars) for the SCADA:  $500,000.   

4. The MAULE RD-GE TIFFI 69 kV line (from bus 245648 to bus 245619 ckt 1) loads from 
106.59% to 112.87% (AC power flow) of its emergency rating (73 MVA) for the single line 
contingency outage of CONTINGENCY DESCRIPTION ('5150_B2_TOR709A_MOAB'). This 
project contributes approximately 5.39 MW to the thermal violation. 

CONTINGENCY '5150_B2_TOR709A_MOAB'                                    

  OPEN BRANCH FROM BUS 243008 TO BUS 243130 CKT 1                  / 243008 
05FREMCT 138 243130 05TIFFIN 138 1 

  END 

The overload on this line will expose project X3-023 to curtailment for summer peak 
conditions.  Developer may choose to upgrade the equipment to mitigate this overload. 
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5. The 02W.FREM-02OTTAWA 138 kV line (from bus 239154 to bus 239030 ckt 1) loads from 
112.03% to 113.27% (AC power flow) of its emergency rating (289 MVA) for the single line 
contingency outage of CONTINGENCY DESCRIPTION ('B_LINE2_WR_034'). This project 
contributes approximately 4.21 MW to the thermal violation. 

CONTINGENCY 'B_LINE2_WR_034'                                         /* SEG 02KY-HS TO 
02W.FREM 138 CK 1 

  DISCONNECT BRANCH FROM BUS 238871 TO BUS 239154 CKT 1            /* 02KY-HS 
138.00 02W.FREM 138.00 

  END  

The overload on this line will expose project X3-023 to curtailment for summer peak 
conditions. Developer may choose to upgrade the equipment to mitigate this overload.  
FirstEnergy is working to come up with a solution to mitigate this overload. 

6. The 05HOWARD-02BRKSID 138 kV line (from bus 243024 to bus 238586 ckt 1) loads from 
108.4% to 118.64% (AC power flow) of its normal rating (133 MVA) for non-contingency 
condition. This project contributes approximately 13.53 MW to the thermal violation. 

The overload on this line will expose project X3-023 to curtailment for summer peak 
conditions. Developer may choose to upgrade the equipment to mitigate this overload.  
AEP and FirstEnergy are working together to come up with a solution to mitigate this 
overload. 

7. The TIFFIN C-MAULE RD 69 kV line (from bus 245637 to bus 245648 ckt 1) loads from 
121.46% to 127.73% (AC power flow) of its emergency rating (73 MVA) for the single line 
contingency outage of CONTINGENCY DESCRIPTION ('5150_B2_TOR709A_MOAB'). This 
project contributes approximately 5.39 MW to the thermal violation. 

CONTINGENCY '5150_B2_TOR709A_MOAB'                                    

  OPEN BRANCH FROM BUS 243008 TO BUS 243130 CKT 1                  / 243008 
05FREMCT 138 243130 05TIFFIN 138 1 

  END 

The overload on this line will expose project X3-023 to curtailment for summer peak 
conditions. Developer may choose to upgrade the equipment to mitigate this overload. 

8. The 05MELMOR-05FOSTOR 138 kV line (from bus 243039 to bus 243006 ckt 1) loads from 
133.17% to 140.44% (AC power flow) of its emergency rating (167 MVA) for the single line 
contingency outage of CONTINGENCY DESCRIPTION ('5149_B2_TOR709_WOMOAB'). 
This project contributes approximately 11.92 MW to the thermal violation. 
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CONTINGENCY '5149_B2_TOR709_WOMOAB'                                   

  OPEN BRANCH FROM BUS 243008 TO BUS 243130 CKT 1                  / 243008 
05FREMCT 138 243130 05TIFFIN 138 1 

  OPEN BRANCH FROM BUS 243008 TO BUS 245614 CKT 1                  / 243008 
05FREMCT 138 245614 FREMNT C 69.0 1 

  OPEN BRANCH FROM BUS 243130 TO BUS 245637 CKT 1                  / 243130 05TIFFIN 
138 245637 TIFFIN C 69.0 1 

  OPEN BRANCH FROM BUS 245620 TO BUS 245637 CKT 1                  / 245620 GREELY 
69.0 245637 TIFFIN C 69.0 1 

  OPEN BRANCH FROM BUS 245648 TO BUS 245637 CKT 1                  / 245648 MAULE 
RD 69.0 245637 TIFFIN C 69.0 1 

  END 

The overload on this line will expose project X3-023 to curtailment for summer peak 
conditions. Developer may choose to upgrade the equipment to mitigate this overload. 

Conclusion 
 
Based upon the results of this Impact Study, the construction of the Greenwich Wind LLC ( PJM 
Project #X3-023) project will require the following  additional interconnection charges.  

New Switching Station Cost: 

 Install a new 69 kV single breaker interconnection switching station laid out to 
facilitate future conversion to operation in a ring bus configuration with at least 3 
breakers. Associated disconnect switches, bus work, and 69 kV revenue metering will 
also be required.  Estimated Cost (2013 Dollars):  $3,200,000.   

 

Protection and Relaying Cost: 

Carrier Option  

 Protection and relaying including SCADA system Estimated Cost (2013 Dollars): $ 420,000 
 

Fiber Optic Option 

 Protection and relaying including SCADA system Estimated Cost (2013 Dollars): $ 362,000 
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Willard Station Cost: 

Carrier Option  

 Existing Willard station is expanded to facilitate modification into a station physically 
laid out for eventual expansion to a breaker and a half configuration initially operated 
as a 3-breaker ring bus station.  69 kV revenue metering and associated equipment 
will also need to be installed.  Estimated Cost (2013 Dollars): $ 4,213,400  

 

Fiber Optic Option 

 Existing Willard station is expanded to facilitate modification into a station physically 
laid out for eventual expansion to a breaker and a half configuration initially operated 
as a 3-breaker ring bus station.  69 kV revenue metering and associated equipment 
will also need to be installed.  Estimated Cost (2013 Dollars): $ 4,745,100  
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Protection and Relaying Cost: 

Carrier Option  

 Protection and relaying including SCADA system Estimated Cost (2013 Dollars):  
$ 294,785  

 

Fiber Optic Option 

 Protection and relaying including SCADA system Estimated Cost (2013 Dollars):  
$ 265,401  

 

 SCADA will also be required in the following facilities: Greenwich 69 kV station, General 
Electric Tiffin 69 kV station, and Tiffin Tap 69 kV station.  Estimated Cost (2013 Dollars): 
$750,000 (n4036) 
 

Total Estimated Cost for Project X3-023 with Fiber Optic Option (2013 Dollars): 
$9,322,501 
 
Total Estimated Cost for Project X3-023 with Carrier Option (2013 Dollars): $8,128,185 

 

The estimates are preliminary in nature, as they were determined without the benefit of detailed 
engineering studies.  Final estimates will require an on-site review and coordination to determine 
final construction requirements.   
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Figure 4:  X3-023 Point of Interconnection 
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