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Reactive Compensation   
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Reactive Compensation   

Interconnection 
Requirements 

+/-.95 PF 

.93 PF 

Inverters with Wide  
Range Reactive  
Power Compensation 

+ 
Capacitor Banks 

+ = STATCOM 
Characteristics 

Inverters Reactive Power is 
Not Sufficient …requires 

cap banks 

Reactive 
Losses 

.97 PF 
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Reactive Compensation – Power Flow Study  

 
Cap-Banks Offline 

12+12 =24 MVAR Cap-Banks Online 



  
5 

©
 C

op
yr

ig
ht

 
20

13
, F

irs
t 

So
la

r, 
In

c.
 

Reactive Compensation  
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Overall Plant Capability vs. POI Requirement 
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P/Q Diagram for SMA 800 CP inverter @ Un/0.95 Un/0.9 Un 
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Temperature and Altitude Derating (SMA Example) 

• Separate graphical representation 
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VAR Calculation for SMA CP 720 

• Estimate max available 
capacitive and inductive VAR 
based on Current Real Power 
Output of the Inverter 

 

 

Reactive Power (Q) 

Real 
Power 

(P) 

Inductive (Q-I) Capacitive (Q-C) 

(Q1,P1) (0, 0) 

(Q2,P2) 
 (312kVAR, 140kW) 

(Q3,P3) 
 (312kVAR, 720kW) 

Max Q-C 
Line 

(Q1,P1) (0, 0) 
 

(Q2,P2) 
 (312kVAR, 140kW) 

 

(Q3,P3) 
 (312kVAR, 720kW) 

Max Q-I 
Line 

Inverter VAR Capability Model 
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Power Capability/Grid Management – GE ProSolar 4MVA 
 NERC/WECC Voltage & Frequency Ride-thru Compliant 
 BDEW Certified 
 Night VARs 
 Dynamic active/reactive power via SCADA (EtherNet/IP) 
 Active power droop function of frequency  

105% at 35C  100% at 50C  

80% at 55C  

Reactive  Power Q 
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 P

->
 4MW 

4.0 MVAR 
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Reactive Power Capability Comparison 

SMA 800 CPXT 
Ac

tiv
e 

 P
ow

er
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->
 

Reactive  Power Q Reactive  Power Q 

Ac
tiv

e 
 P
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er

 P
->

 4MW 

4.0 MVAR ~0.4 MVAR 

.8 MW 

GE ProSolar 
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First Solar Forecasting 

Energy 
Forecast 

Plant Model 
takes forecast  
POA as input  
and  outputs 
MWH 
prediction 

Forecast is 
adjusted for 
outages 

Weather 
Forecast 

Periodic NOAA 
Satellite Images 
downloaded  
and processed 

GHI predicted 

POA transposed 
From GHI 

Forecast 
Delivery 

Automated 
delivery is 
scheduled by 
WECC calendar 
or other 
customer 
reqmts 

Forecast is 
delivered by 
FTP, SFTP,  
E-mail 

Delivery failures 
detected and  
remedied 

Automated Forecasting Process  

• Forecasting is a standard requirement  
of most new PPA’s 

• First Solar’s fully automated 
forecasting system delivers accurate 
energy and availability forecasts for 
any required schedule 

• 11 plants currently being forecast 
with First Solar’s state of the art 
system 
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Forecasting Dashboard 

Energy 
Forecast 

Plant Model 
takes forecast  
POA as input  
and  outputs 
MWH 
prediction 

Forecast is 
adjusted for 
outages 

Weather 
Forecast 

Periodic NOAA 
Satellite 
Images 
downloaded  
and processed 

GHI predicted 

POA 
transposed 
From GHI 

Forecast 
Delivery 

Automated 
delivery is 
scheduled by 
WECC calendar 
or other 
customer 
reqmts 

Forecast is 
delivered by 
FTP, SFTP,  
E-mail 

Delivery 
failures 
detected and  
remedied 

GHI– Global Horizontal Irradiance (sunlight available) 
POA– Plane of Array Irradiance (sunlight available at module surface) 

Actual Power 

Hour Ahead – 93% Accurate 

Day Ahead – 85% Accurate 

Dashboard 
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Solar Energy Forecasting Technology 

Type Based on 

Yearly • Weather predictions and patterns 
• Planned maintenance outages 
• Historical data complied on similar plant performance 

Monthly • Weather forecasts from satellite metrological data  
• Scheduled maintenance outages 
• Experience and expertise on plant performance and compiled data 

Daily • Actual weather information from satellite and site-based data 
• Scheduled maintenance outages 
• Tracking plant performance 

Hourly • Actual weather information  
• Actual outages 
• Actual plant performance 

Note:  All reports are broken down into hourly segments 
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Weather Map 

 

• Current Weather 

• Redundant indication of irradiance 

• 15 Hour look ahead 
• CAPE—Convective Available 

– Potential Energy  
– (Environmental Stability) 

• NOAA – National Oceanic and 
Atmospheric Administration 

• Weather Alerts for 5 mile radius 

Dashboard 
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