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Past Topics 
•  January 6, 2012: SMART Grid and Data Privacy 
•  April 20, 2012:  Reliability and Operations 
•  April 5, 2013: Time-of-Use Rates 
•  September 27, 2013: Microgrids 

 
 

•  April 11, 2014: Renewables on the Distribution 
System 

CSGs     VOST     SR    CO2     ELCC    
Aurora     RDF     Studies 



Renewable Energy World Headlines 
04-01-2014 

Solar Decathlon Houses Make Up a Solar 
Village to Test Microgrid Technology 

Are Walmart's Green Claims Simply 
Greenwashing? 

Solar Energy Set to Provide Power for 
Australia’s Mining Industry 

Borrego, San Diego Airport Partner on 
3.3-MW Solar Project 

Panasonic Hesitant to Commit to Tesla 
Battery Factory 

Building the Electricity System of the 
Future: Thinking Disruption, Doing 
Solutions 



1.   Interconnection Process 

2.   Real-life situations solar installers encounter 

3.   Advanced Inverters  
 
4.   Policy Opportunities 

Renewables on the Distribution System 



Renewables on the Distribution System 



The Distribution System a Mystery for Most Integrators 

Infrastructure Transparency 
(Help Me, Help You) 

•  VOS Locational Benefit 
•  Why do some get it and some don't? 
•  Wasted time + wasted money = wasted economic opportunity! 
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In cooperation with the MN Department of Commerce, MN Public Utilities 
Commission, MN Department of Transportation and electric utilities with 
transmission facilities in Minnesota, the MN Environmental Quality Board 
and the Land Management Information Center have created a geo-spatial 
database (GIS) consisting of electric transmission lines over 60 kilovolts 
operating in Minnesota. The GIS data will allow the MN Environmental
Quality Board to better execute its responsibilities of routing transmission
lines. In addition to mapping existing lines, protocols and procedures will
be established to ensure that the database is updated regularly.

Transmission Line Attributes (>= 60 kV)

In addition to mapping the location of transmission lines, the project 
collected important information about each one. However, this 
information was collected only for high voltage transmission lines 
designed to handle 60 kV or greater.
 
Attributes included:
 
1. Company Circuit ID / Line #
2. Company Name
3. Type: AC/DC 
4. Voltage
5. Interstate: Y/N (if yes, then identify and locate 1st substation 
    outside of MN state boundary)
6. Source: AP, CAD, GPS, HDR, paper map, etc

Substation Attributes (associated with lines >= 60 kV)

The project also mapped the location and collected important information 
about each substation associated with these transmission lines.
 
Attributes included:
 
1. Company ID / Substation Name
2. Company Name
3. Type
4. Source: AP, CAD, GPS, HDR, paper map, etc

For more details about the data used to create this map, see project documentation:
http://www.lmic.state.mn.us/chouse/metadata/elec_trans07.html

This map is provided "as is" without express or implied warranties, including 
warranties of merchantability and fitness. The Minnesota Environmental 
Quality Board (EQB) and the Land Management Information Center (LMIC) 
are not responsible for any interpretation or conclusion based on this map by 
those who have acquired it. In no event will EQB or LMIC be liable for any 
direct, indirect, special, incidental, compensatory or consequential damages 
or third party claims resulting from the use of this map even if one of their 
representatives has been advised of the possibility of such damages or any 
other claim by any third party.

CState of Minnesota

Map



What does a Real Interconnection Look Like? 

 
Interconnection of Distributed Generation 

 
DATE: January 21, 2013 
 
Enclosed is a copy of Xcel Energy’s “APPLICATION FOR INTERCONNECTION AND 
PARALLEL OPERATION OF DISTRIBUTED GENERATION WITH THE UTILITY SYSTEM” 
and also the “RULES AND REGULATIONS APPLICABLE TO COGENERATION AND 
SMALL POWER PRODUCTION FACILITIES.” 
 
These documents contain the minimum requirements for interconnection to the Xcel 
Energy electric grid. For your installation, the general sections and the Agreement 
found on Sheets 10 – 12 are applicable for systems of less than 100 kW. 
 
Information for interconnection and incentive payments under the MN Solar Rewards 
program (effective March 1, 2010) can be found online or via email: 

http://www.xcelenergy.com/solar 
E-mail: SolarProgramMN@xcelenergy.com. 
 

This information is applicable for interconnection under the attached Tariff Section 9. 
 
Please complete the Application and the required supporting information, along with the 
$250 Application Fee payable to “Xcel Energy”, and return to: 
 

Xcel Energy 
Attn: Cory Kiemele 
2302 Great Northern Drive 
Fargo, ND 58102 

 
Xcel Energy will review your Application and provide comments back to you within 15 
business days regarding the feasibility, technical review fee, and technical review time 
requirements of your Interconnection request. 
 
In addition to the Application Fee, a Technical Review Fee, determined from the information 
contained in the Application is also required prior to Xcel Energy performing any studies, 
estimating the costs of interconnecting, or providing a statement of work. 
 
Please note that compliance with IEEE 1547 is required for all distributed generation 
systems.  Inverter based systems shall meet the requirements of UL1741.  UL 1741 certified 
inverters up to 500 kW are considered satisfactory to meet the protective relaying equipment 
interconnection requirements of Xcel Energy, with certain exceptions. Requests for non-UL 
1741 certified inverters are subject to a complete technical review and testing process, 
resulting in additional expenses to meet Xcel Energy requirements. 
 
In order to aid with the time required to review your application, please include the following 
information. Each of these items is required for approval prior to approval to connecting your 
system for operation with the Xcel Energy System.  Clearly show both new and existing 
generation systems on all drawings. 

x $250 Application Fee 
x Application Form (2 pages), signed by customer. 
x Interconnection Agreement (Sheets 10-12), signed by customer. 

 
Interconnection of Distributed Generation 

 
DATE: January 21, 2013 
 
Enclosed is a copy of Xcel Energy’s “APPLICATION FOR INTERCONNECTION AND 
PARALLEL OPERATION OF DISTRIBUTED GENERATION WITH THE UTILITY SYSTEM” 
and also the “RULES AND REGULATIONS APPLICABLE TO COGENERATION AND 
SMALL POWER PRODUCTION FACILITIES.” 
 
These documents contain the minimum requirements for interconnection to the Xcel 
Energy electric grid. For your installation, the general sections and the Agreement 
found on Sheets 10 – 12 are applicable for systems of less than 100 kW. 
 
Information for interconnection and incentive payments under the MN Solar Rewards 
program (effective March 1, 2010) can be found online or via email: 

http://www.xcelenergy.com/solar 
E-mail: SolarProgramMN@xcelenergy.com. 
 

This information is applicable for interconnection under the attached Tariff Section 9. 
 
Please complete the Application and the required supporting information, along with the 
$250 Application Fee payable to “Xcel Energy”, and return to: 
 

Xcel Energy 
Attn: Cory Kiemele 
2302 Great Northern Drive 
Fargo, ND 58102 

 
Xcel Energy will review your Application and provide comments back to you within 15 
business days regarding the feasibility, technical review fee, and technical review time 
requirements of your Interconnection request. 
 
In addition to the Application Fee, a Technical Review Fee, determined from the information 
contained in the Application is also required prior to Xcel Energy performing any studies, 
estimating the costs of interconnecting, or providing a statement of work. 
 
Please note that compliance with IEEE 1547 is required for all distributed generation 
systems.  Inverter based systems shall meet the requirements of UL1741.  UL 1741 certified 
inverters up to 500 kW are considered satisfactory to meet the protective relaying equipment 
interconnection requirements of Xcel Energy, with certain exceptions. Requests for non-UL 
1741 certified inverters are subject to a complete technical review and testing process, 
resulting in additional expenses to meet Xcel Energy requirements. 
 
In order to aid with the time required to review your application, please include the following 
information. Each of these items is required for approval prior to approval to connecting your 
system for operation with the Xcel Energy System.  Clearly show both new and existing 
generation systems on all drawings. 

x $250 Application Fee 
x Application Form (2 pages), signed by customer. 
x Interconnection Agreement (Sheets 10-12), signed by customer. 

 
Interconnection of Distributed Generation 

 
DATE: January 21, 2013 
 
Enclosed is a copy of Xcel Energy’s “APPLICATION FOR INTERCONNECTION AND 
PARALLEL OPERATION OF DISTRIBUTED GENERATION WITH THE UTILITY SYSTEM” 
and also the “RULES AND REGULATIONS APPLICABLE TO COGENERATION AND 
SMALL POWER PRODUCTION FACILITIES.” 
 
These documents contain the minimum requirements for interconnection to the Xcel 
Energy electric grid. For your installation, the general sections and the Agreement 
found on Sheets 10 – 12 are applicable for systems of less than 100 kW. 
 
Information for interconnection and incentive payments under the MN Solar Rewards 
program (effective March 1, 2010) can be found online or via email: 

http://www.xcelenergy.com/solar 
E-mail: SolarProgramMN@xcelenergy.com. 
 

This information is applicable for interconnection under the attached Tariff Section 9. 
 
Please complete the Application and the required supporting information, along with the 
$250 Application Fee payable to “Xcel Energy”, and return to: 
 

Xcel Energy 
Attn: Cory Kiemele 
2302 Great Northern Drive 
Fargo, ND 58102 

 
Xcel Energy will review your Application and provide comments back to you within 15 
business days regarding the feasibility, technical review fee, and technical review time 
requirements of your Interconnection request. 
 
In addition to the Application Fee, a Technical Review Fee, determined from the information 
contained in the Application is also required prior to Xcel Energy performing any studies, 
estimating the costs of interconnecting, or providing a statement of work. 
 
Please note that compliance with IEEE 1547 is required for all distributed generation 
systems.  Inverter based systems shall meet the requirements of UL1741.  UL 1741 certified 
inverters up to 500 kW are considered satisfactory to meet the protective relaying equipment 
interconnection requirements of Xcel Energy, with certain exceptions. Requests for non-UL 
1741 certified inverters are subject to a complete technical review and testing process, 
resulting in additional expenses to meet Xcel Energy requirements. 
 
In order to aid with the time required to review your application, please include the following 
information. Each of these items is required for approval prior to approval to connecting your 
system for operation with the Xcel Energy System.  Clearly show both new and existing 
generation systems on all drawings. 

x $250 Application Fee 
x Application Form (2 pages), signed by customer. 
x Interconnection Agreement (Sheets 10-12), signed by customer. 

$250 

Time 

Engineering 

UNIFORM STATEWIDE CONTRACT FOR COGENERATION 
AND SMALL POWER PRODUCTION FACILITIES (2005) 



x A One-Line diagram, or circuit diagram, showing the installation of your system is 
required.  The following information is required on the 1-line: 

o Customer name, installation address, and installer name and contact info. 
o Main service meter and main service panel 
o Production meter, if applicable.  Note ownership. 
o Visible, lockable AC disconnect for Utility use. 
o All Switches, Breakers, fuses, Junction boxes, Combiner boxes, protective 

devices, etc. in the electrical circuit from the main service meter to the 
generation system. 

o Generator system (PV Panels, wind turbine, etc) 
o Clearly provide electrical ratings of the above equipment.  Volts, Amps, # 

phases, kW, etc. 
o Clearly note if the Inverter(s) are UL1741 certified. 
o Indicate both new and existing generation systems. 

x Site Plan or location plan identifying location of equipment noted on the 1-line. 
o Customer name, installation address, and installer name and contact info. 
o Building and Streets identified and Nautical direction 
o A detail view or plan view may be required to clearly show location of meters, 

main service and AC disconnect, i.e. interior or exterior wall, etc. 
o Note distance between equipment.  The AC Disconnect should be readily 

accessible and located within 10’ of the main service meter. 
o Include location of new and existing systems. 

x Label Details 
o Labels to be weatherproof, durable and permanently mounted. 
o Demonstrate compliance with NEC 
o Include label on Main Service Meter, “Generation System Connected”, or 

similar. 
o Include Label “Utility AC Disconnect” 

x Test procedure that will be used to verify the protection and operation of the system 
shall be submitted to Xcel Energy for approval. The system cannot backfeed the Xcel 
Energy system upon loss of the Utility source. 

x Proof of Insurance per the Interconnection Agreement. 
 

x After the Application and all supporting information is received and approved, Xcel 
Energy will provide information to schedule an appointment for the meter installation 
and final testing.   

x A signed copy of the test report verifying the test procedure was successful shall be 
provided to Xcel Energy. 

 
If you have additional questions, please feel free to contact me at your convenience. 
 
Cory Kiemele 
Area Engineering 
701-241-8664 
Cory.f.kiemele@xcelenergy.com 
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  AC	
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  Standards	
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  ELV-­‐208	
  5000Wa>s	
  
•  CEC	
  Efficiency	
  =94.0%	
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  102	
  Amps	
  
	
  
OUTPUT	
  DATA	
  
•  Max	
  ConGnuous	
  Output	
  Power	
  =	
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DC	
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3-­‐phase	
  CollecGon	
  Panel	
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AB	
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  1,	
  

AB	
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  1,	
  
AC	
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AC	
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Description	
  
Equipment	
  Labels	
  

Label	
  #1	
   Code	
  Ref.	
   LocaGon	
   Wording	
  

1	
   690.14	
  (C)	
  2	
  
Near	
  the	
  PV	
  system	
  AC	
  
disconnect.	
   Photovoltaic	
  System	
  AC	
  Disconnect	
  

2	
   690.53/690.54	
  
Near	
  the	
  PV	
  system	
  AC	
  
disconnect.	
  

Photovoltaic	
  System	
  Spec's	
  
AC	
  Rated	
  Power	
  =	
  45,000	
  Wa>s	
  
Max	
  AC	
  Current	
  =	
  124.8	
  Amps	
  
Nominal	
  AC	
  =	
  208	
  VAC	
  

3	
   690.17	
  
Near	
  the	
  PV	
  system	
  AC	
  
disconnect.	
  

Warning	
  -­‐	
  Electric	
  Shock	
  Hazard.	
  	
  Do	
  not	
  touch	
  terminals.	
  	
  
Terminals	
  on	
  both	
  the	
  line	
  and	
  load	
  side	
  may	
  be	
  
energized	
  in	
  the	
  open	
  posiGon.	
  

4	
   690.56	
  (B)	
  
Near	
  the	
  PV	
  system	
  AC	
  
disconnect.	
  

The	
  service	
  disconnect	
  for	
  this	
  building	
  is	
  located	
  here	
  
(arrow).	
  

5	
   -­‐	
  	
   On	
  Main	
  Service	
  Panel	
  

THIS	
  SERVICE	
  PANEL	
  IS	
  ENERGIZED	
  FROM	
  MORE	
  THAN	
  
ONE	
  SOURCE.	
  	
  ONLY	
  AUTHORIZED	
  PERSONS	
  WHO	
  ARE	
  
FAMILIAR	
  WITH	
  THIS	
  SYSTEM	
  SHOULD	
  ATTEMPT	
  TO	
  DO	
  
SERVICE	
  WORK	
  ON	
  IT.	
  

6	
   690.56	
  (B)	
   At	
  the	
  main	
  service	
  panel	
  
The	
  photovoltaic	
  system	
  disconnect	
  for	
  this	
  building	
  is	
  
located	
  here	
  (arrow).	
  

7	
   230.70	
  (B)	
  
At	
  the	
  main	
  service	
  panel	
  
main	
  disconnect.	
   Service	
  Disconnect	
  

8	
   -­‐	
  

Near	
  the	
  main	
  service	
  
panel	
  PV	
  system	
  circuit	
  
breaker	
   BACKFED	
  FROM	
  PV	
  SYSTEM	
  INVERTER	
  

9	
   -­‐	
  	
  

Near	
  terminals	
  of	
  fused	
  
disconnect	
  switch,	
  ac	
  
disconnect,	
  and	
  main	
  
service	
  panel.	
  	
  	
  

PV	
  (+)	
  
PV	
  (-­‐)	
  

10	
   -­‐	
  
Near	
  the	
  uGlity	
  PV	
  system	
  
disconnect.	
  	
   UTILITY	
  PV	
  SYSTEM	
  DISCONNECT	
  

11	
   -­‐	
  

SW	
  exterior	
  corner	
  of	
  
home	
  on	
  the	
  meter	
  
socket	
  of	
  the	
  producGon	
  
meter.	
  

PRODUCTION	
  METER	
  
	
  

12	
  
At	
  the	
  Main	
  Service	
  
Meter	
   PHOTOVOLTAIC	
  SYSTEM	
  CONNECTED	
  

Install	
  note:	
  All	
  labels	
  will	
  be	
  made	
  from	
  durable,	
  unalterable	
  hard	
  plasGcs	
  and	
  be	
  sized	
  for	
  plain	
  
viewing	
  at	
  eye	
  level.	
  	
  Text	
  font	
  will	
  be	
  equal	
  to	
  or	
  larger	
  than	
  48-­‐point	
  	
  font.	
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Description	
  
Testing	
  Procedure	
  
PV	
  System	
  Commissioning	
  Checklist	
  
Building	
  Owner:___	
  _________________________________________ 	
  	
  
Building	
  Address:__	
   	
   	
   	
   	
  	
  
	
  
The	
  following	
  first-­‐Gme	
  energizaGon	
  procedure	
  is	
  to	
  be	
  conducted	
  safely	
  and	
  put	
  no	
  individuals	
  at	
  risk	
  for	
  
injury.	
  	
  	
  If	
  an	
  unsafe	
  act	
  or	
  condiGon	
  is	
  idenGfied,	
  the	
  procedure	
  is	
  stop	
  and	
  the	
  situaGon	
  is	
  to	
  be	
  remedied	
  
by	
  the	
  experienced	
  authority.	
  	
  	
  
	
  
1.Verify	
  all	
  labels	
  are	
  installed	
  on	
  E3.0	
  in	
  the	
  proper	
  locaGon.	
  
2.Verify	
  that	
  all	
  breakers	
  and	
  disconnects	
  are	
  in	
  the	
  open	
  posiGon.	
  	
  
3.Verify	
  electric	
  uGlity	
  voltage	
  is	
  within	
  acceptable	
  range	
  (for	
  208VAC)	
  
4.Close	
  the	
  following	
  switches:	
  
	
  	
  	
  	
  	
  	
  	
  A.	
  Install	
  ProducGon	
  Meter	
  
	
  	
  	
  	
  	
  	
  	
  B.	
  Close	
  DC	
  Breakers	
  
	
  	
  	
  	
  	
  	
  	
  C.	
  Close	
  AC	
  Disconnects	
  and/or	
  Breakers	
  
	
  	
  	
  	
  	
  	
  	
  D.	
  Close	
  the	
  backfed	
  PV	
  system	
  AC	
  circuit	
  breaker	
  on	
  the	
  Main	
  Service	
  Panel	
  	
  	
  
	
  
5.Ater	
  waiGng	
  15	
  minutes,	
  verify	
  no	
  faults	
  occur	
  and	
  that	
  all	
  systems	
  exhibit	
  normal	
  operaGon.	
  	
  	
  
ANTI-­‐ISLANDING	
  	
  
6.Open	
  the	
  Exterior	
  AC	
  Disconnect	
  to	
  simulate	
  a	
  uGlity	
  power	
  outage.	
  	
  
7.Verify	
  inverter’s	
  LCD	
  codes	
  and	
  alarms	
  are	
  appropriate	
  for	
  the	
  loss	
  of	
  uGlity,	
  and	
  verify	
  the	
  voltage	
  on	
  
the	
  inverter	
  (load)	
  side	
  before	
  the	
  External	
  AC	
  disconnect	
  has	
  dropped	
  to	
  zero.	
  	
  
8.Close	
  the	
  Exterior	
  AC	
  Disconnect	
  and	
  verify	
  system	
  appears	
  to	
  be	
  in	
  normal	
  operaGon	
  ater	
  5	
  minute	
  
delay.	
  
9.Verify	
  load	
  side	
  of	
  Main	
  Service	
  Circuit	
  Breaker	
  voltages	
  are	
  within	
  5%	
  of	
  specified	
  operaGon	
  and	
  
currents	
  in	
  all	
  applicable	
  systems	
  meet	
  expectaGons	
  in	
  present	
  weather	
  condiGons.	
  	
  
	
  
	
  
I	
  cerGfy	
  that	
  I	
  have	
  conducted	
  the	
  commissioning	
  checklist	
  described	
  above.	
  	
  
	
  
Sign/Print	
  name	
  and	
  Gtle:	
  
	
  
	
  
Installer	
  RepresentaGve:_______________________________Date________	
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Description	
  
Site	
  Plan	
  

170	
  t	
  

-­‐UGlity	
  Service	
  Entrance	
  
(underground)	
  	
  
-­‐Bi-­‐DirecGonal	
  UGlity	
  
Meter	
  	
  
-­‐ProducGon	
  Meter	
  
-­‐AC	
  Disconnect	
  
	
  

210	
  tenksolar	
  190W	
  panels,	
  	
  

N	
  

S	
  

E	
  W	
  

40	
  t	
  

W	
  87th	
  St	
  

-­‐Combiner/3-­‐phase	
  
CollecGon	
  Panel,	
  208VAC	
  

-­‐9	
  Sustainable	
  Energy	
  
Technologies	
  inverters,	
  
ELV-­‐208,	
  5000Wa>s	
  per	
  
inverter	
  	
  



Description	
  
Site	
  Plan	
  

W	
  87th	
  St	
  

N	
  
S	
  

W	
  

E	
  

-­‐UGlity	
  Service	
  Entrance	
  (underground)	
  	
  
-­‐Bi-­‐DirecGonal	
  UGlity	
  Meter	
  	
  
-­‐ProducGon	
  Meter	
  
-­‐AC	
  Disconnect	
  

-­‐Combiner/3-­‐Phase	
  CollecGon	
  
Panel,	
  208VAC	
  Single	
  Phase,	
  	
  

60	
  t	
  (appr.	
  conduit	
  run	
  inside	
  building)	
  

70	
  t	
  (appr.	
  Conduit	
  run	
  inside	
  building)	
  



Once Upon A Time, there was an 
INTERCONNECTION that… 

•  2002 – First Grid-Interconnection Solar installation in Xcel Territory – 
What Form? 

•  East Central Energy, Dakota Electric and Connexus have the best turn 
around time in the state!  24 Hours!!!! 

•  Transformer upgrades for every interconnect, in every neighborhood? 
–  What determines the need for a new transformer? 

•  “Change Requests” for redundant issues. 
•  Compliance with IEEE 1547 is required for all distributed generation 

systems. 
•  UL 1741 certified inverters up to 500 kW are considered satisfactory to 

meet the protective relaying equipment interconnection requirements 
of Xcel Energy. 

•  Ideally we would follow Germany's example. Install the system, have it 
inspected and passed by building and electrical AHJs and turn it on. 
Then go online and register the system with the utility. 



Advanced	
  Inverter	
  Benefits	
  

•  Advanced	
  Inverter:	
  
– ReacGve	
  Power	
  (VARS)	
  

•  A	
  flexible	
  source	
  and	
  sink	
  for	
  reacGve	
  power	
  
	
  
	
  

	
  
– Voltage	
  and	
  Frequency	
  Ride-­‐Through	
  

•  Enables	
  a	
  solar	
  power	
  plant	
  to	
  appropriately	
  respond	
  
to	
  	
  waveform	
  shape	
  per	
  locaGon,	
  per	
  uGlity	
  
•  Automated	
  and	
  programmable	
  
•  It’s	
  ‘SMART’	
  



How to implement Advanced 
Inverters in Minnesota? 

•  Opportunity with CSG and RDF Development 
–  VAR control is more efficient in proximity to substations  
–  Distributive benefit by nature 

•  Run the Calculation: 
–  What is the financial benefit of improved local power quality 

and distribution efficiency?  
–  Appropriate VAR support will 

•  Resolves phase differences 
•  Reduces distribution losses 
•  Raises voltage levels 

•  Or look at your latest commercial bill… 



Common Policy Triggers that result in SMART 
Grid infrastructure construction. 

Perfect Policy: 
•  Encourages Financing 
–  Private reimbursement models 
–  Federal partnerships 

•  Calms uncertainty. 
•  Does not underestimate reliability. 

Leadership, Financing and Time 



THANK YOU! 

Martin Morud 
Owner/President 

Steve Peichel 
Electrical Engineer 



Engineering Powerful Solutions Since 1996 

Voltage	
  Control	
  –	
  Requirements	
  
For	
  example…	
  
	
  
A	
  uGlity	
  may	
  have	
  a	
  requirement	
  that	
  voltage	
  
drop	
  is	
  less	
  than	
  2.5%,	
  when	
  generaGon	
  of	
  
the	
  plant	
  changes	
  by	
  70%.	
  	
  	
  



Engineering Powerful Solutions Since 1996 

VAR	
  Flow	
  from	
  the	
  Solar	
  Plant	
  

Motor	
  
Field	
  

ResisGve	
  
	
  

InducGve	
  
	
  

CapaciGve	
  
	
  

•  InducGve	
  Power	
  
sustains	
  magneGc	
  
field	
  

•  Motors,	
  
transformers	
  

•  Light,	
  heat,	
  moGon	
  

•  Cable	
  
•  Cap	
  bank	
  

+	
  var	
  flow,	
  	
  
supplies	
  vars,	
  
voltage	
  increase	
  

-­‐	
  var	
  flow,	
  	
  
absorbs	
  vars,	
  
voltage	
  decrease	
  

0	
  var	
  flow	
  



Engineering Powerful Solutions Since 1996 

Inputs/Outputs	
   Solar	
  
Inverter	
  

UGlity	
  Power	
  Line	
  
69kV	
  

Solar	
  
Inverter	
  

Solar	
  
Inverter	
  

Solar	
  
Inverter	
  

Solar	
  
Inverter	
  

VAR	
  Controller	
  

POI	
  Measurement	
  
•  Input	
  
•  Voltage	
  
•  Current	
  

Aux	
  VAR	
  Control	
  
•  Input/Output	
  
•  4	
  to	
  20mA	
  signal	
  

to	
  inverter	
  or	
  
branch	
  VAR	
  
control	
  devices	
  

•  Digital	
  output	
  to	
  
capacitor	
  bank	
  
control	
  	
  

Capacitor	
  Bank	
  
•  Input/output	
  
•  Status	
  and	
  

control	
  



Engineering Powerful Solutions Since 1996 

Variability	
  in	
  Grid	
  System	
  Strength	
  

Moderate	
  	
  

Strong	
  UGlity	
  System	
  =	
  Low	
  Impedance	
  

Weak	
  UGlity	
  System	
  =	
  High	
  Impedance	
  	
  
•  A	
  system	
  with	
  higher	
  impedance	
  is	
  termed	
  ‘weaker’	
  

than	
  one	
  with	
  low	
  impedance.	
  
•  Less	
  current	
  the	
  system	
  can	
  supply	
  
•  Lower	
  Fault	
  Current	
  	
  

•  A	
  system	
  with	
  lower	
  impedance	
  is	
  termed	
  ‘stronger’	
  
than	
  one	
  with	
  high	
  impedance	
  

•  More	
  current	
  the	
  system	
  can	
  supply	
  
•  Higher	
  Fault	
  Current	
  	
  

1,500	
  Amps	
  	
  

10,000	
  Amps	
  

20,000	
  Amps	
  

•  Lower	
  Fault	
  Current	
  	
  



Engineering Powerful Solutions Since 1996 

Variability	
  in	
  Grid	
  System	
  Strength	
  

Fault	
  Current:	
  
1,500	
  Amps	
  

Fault	
  Current:	
  
10,000	
  Amps	
  

Fault	
  Current:	
  
20,000	
  Amps	
  

Volts	
   12,706	
  Volts	
  
12,780	
  Volts	
  

13,003	
  Volts	
  


