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Hawaii can substitute renewable sources 

of energy to substitute, in total, for the 

use of fossil fuels in the generation of 

electricity. 
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Three areas of challenge 

 Schedule/Timing 

 Technical (Grid) challenges 

 Financial issues 
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Schedule/Timing 

 Available now:  

 Solar 

 Wind 

 Biomass/waste 

 Geothermal – Maui and Hawaii only 

 Available near term (10 yrs. or less): 

 Geothermal – large volume 

 Biofuels 

 Available longer term (10 yrs. or more): 

 Wave energy 

 OTEC 

4 



Grid challenges 

 Frequency management 
• System frequency 

• Dynamic response (inertia, droop, etc.) 

 Voltage management 
• Voltage regulation – maintaining service 

within tariff requirements 

• Flicker 

• Ground fault overvoltage  

 Circuit protection schemes – fault 

current 
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And the impact (and challenges) 

vary by generator technologies 

 Wind 
• Generation potential 24/7 – excess 

energy 

• Ramping 

 Solar 
• Generation potential during daylight only 

but tends to match load curve  

• Ramping considerably faster than wind 
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Impacts on System Frequency 
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Source:  HELCO 7 



2008 

difference 

2011 

difference 

Distributed PV impacts on 

system load 
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• Weekday 

comparison: evening 

peak has not 

significantly changed 

between 2008 and 

2011 but daytime 

demand has. 

• Weekend comparison 

(light load day): 

difference between 

daytime peak and 

evening peak has 

increased. 8 

Source: HELCO  



Developing & Operationalizing “Heads-up” Wind & 

Solar Forecasting Capabilities 
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Using state-of-the-art forecasting models and 

remote sensors (SODAR, radiometer) ahead 

of wind facility to provide operators 30 min to 

1 hr “heads-up” on potential ramp events. 9 

Strategically sited 

remote sensors  

Model shows high sensitivity 

to temperature gradient 



Wind Ramp Event Forecasting 
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Wind Facility Power Output, 12/19/10 

NWP Wind Speed Forecast, 12/19/10 

Actual ramp 

Forecasted ramp 



Hi-Pen PV Impact on the Grid - Substation Circuit 

Monitoring & Analysis (Operations) 
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Circuit load (SLACA)

Installed Circuit PV (Sensor Profile) 

Circuit + Displace Load (PV)

Oahu 

Circuit 

LM-1 solar availability 

sensors

TJD-1 mobile solar 

irradiance sensors

• Low-cost capability to account for PV load and 
actual load  for forecasting, operations & 
planning 

• Correlate grid conditions with solar variability 
to assess impacts (operations, protection, 
contingencies, reserve plans) 
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Oahu Energy Cost 
Fuel oil at $132/BBL 
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PPA -  Power Purchase Agreement 

FIT -  Feed-in Tariff 

NEM - Net Energy Meeting 
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Mahalo! 


