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Background & Introduc<on 

Big poten@al ! 
‐ Mini hydro, sun, wind, geothermal, biomass, ocean. 
‐ Investment uncertainty. 
‐ New es?ma?on techniques. 

Integra@on of Renewable Energy Technology 

Source: PRIEN, U Chile 
U. T. Federico Santa María 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Background & Introduc<on 

CE‐FCFM  recognizes  as  objec?ve  Smart‐Grids  systems  focused  in  Virtual 
Power  Plants  and  Distributed  Genera?on  (DG  units  such  as:  Micro‐Hydro, 
Solar,  Wind  and  Geothermal  at  low  temperature).  Planning  and  regulatory 
developments applied to (DG) and Renewable Energies integra?on. 

In  this  context,  for  the  short  and  medium  term  studies,  the  op@miza@on 
problem  is  essen@ally  stochas@c,  due  to  the  various  uncertain@es  in 
produc@on and consump@on of power. 

The  unit  commitment  has  to  be  taken  into  account.  The  introduc?on  of 
microgenera?on  units  make  possible  to  homogenize  microgenerators  into 
agregated macro generators. 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Huatacondo project 

Village loca<on 



Huatacondo project 

Grid status: 
It is isolated from the interconnected system and supplied only during 10 
hours a day by a diesel generator. 



Huatacondo project 

Energy sources poten<al – Solar energy 

In 1 m2 

kWh/year  2898 

kWh/day(average)  7.9 



Huatacondo project 

Energy sources poten<al – Solar energy 

No tracking 
Seasonal angle each 90 days 
Seasonal angle each month 
Seasonal angle each week 
Diary angle each 15 min, 



Huatacondo project 

Energy sources poten<al – Wind energy 

?me 

Speed 
[m/s] 



Huatacondo  project 

Energy sources poten<al – Wind energy 



Huatacondo project 

Proposed Hybrid System 

Legend 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phase line 
Double phase line 
Three 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line 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PV Plant 
22 kW  

Wind Turbine 
5kW 

Electric room 
BaReries 

Diesel Genset 

Huatacondo project 



Huatacondo project 

• It takes advantage of the distributed renewable resources in 
the area providing a 24 hours service. 

• Since the village experienced problems with the water 
supply system, a management solu?on should also be 
included in the system. 

• A demand side op?on to compensate the genera?on 
fluctua?ons due to the renewable sources is considered. 

Proposed Hybrid System 



Huatacondo project 

Proposed Energy Management System (EMS) 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+ 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Proposed EMS ‐ Predic<ve Control Strategy 



Huatacondo project 

Proposed EMS ‐ Predic<ve Control Strategy 

References for the diesel power (PD), the baMery power (PB), the signals 
for the water supply system (BP), and the signals for consumers (SL). 

Predicted solar power (PS), wind power (PE), load profile (PL) and water 
consump?on (wc). 



Huatacondo project 

Proposed EMS ‐  Modeling of renewable genera<on units. 



Huatacondo project 

Proposed EMS ‐  Weather forecast. 

• GFS is a global numerical weather predic?on computer model that runs two ?mes a 
day and produces forecasts up to 16 days in advance, but with decreasing spa?al and 
temporal resolu?on over ?me. 

• WRF has a comprehensive descrip?on of the atmospheric physics that includes 
cloud parameteriza?on, land surface models, atmosphere ocean coupling, and broad 
radia?on models. The spa?al resolu?on with mesoscale models can go up to 30 
seconds of a degree (less than 1 km2). 



Huatacondo project 

Proposed EMS ‐  Modeling of conven<onal generators. 



Huatacondo project 

Proposed EMS ‐  Modeling of conven<onal generators. 



Huatacondo project 

Proposed EMS ‐  Water Supply System. 



Huatacondo project 

Proposed EMS ‐ Demand Side Management. 

• It is supposed that online signals can be sent to consumers in order to modify 
their temporal consump?on padern, leaving daily energy constant. 

Load:  

SL is the shiSing factor of the electric demand 
PL is the expected load. 

• It is assumed that expected energy consump?on remains constant for the 
whole op?miza?on period: 



Huatacondo project 

Proposed EMS ‐ Constraints. 



Huatacondo project 

Proposed EMS – Objec<ve Func<on. 



Huatacondo project 

Proposed EMS – Results. 

• Wind forecas?ng results  Irradiance and 
wind speed for 
Huatacondo are 

predicted using the 
WRF‐GFS models. 



Huatacondo project 

Proposed EMS – Results. 

wind 

inverter 

Op?miza?on results are obtained for a 
forecast horizon of 48 hours 

considering a sampling ?me of 
15 minutes 

Load and water 
consump?ons are 
forecasted using 
historical paderns 
of the loca?on 



Huatacondo project 

Proposed EMS – Results. 



Huatacondo project 

Current ac<vi<es – Power system schema<c 



Huatacondo 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Current ac<vi<es – SCADA system schema<c 



Huatacondo project 

Current ac<vi<es – GeVi inverter 

Slow charge 
contactor 2  Capacitor bank  Inverter  Breaker  Coil 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‐ 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project 

Current ac<vi<es ‐ Network improvement 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Current ac<vi<es ‐ Network improvement 



Huatacondo project 

Community work 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Community work 



Huatacondo project 

Time line 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Further developments 

Emergency micro‐grids 
To have in different ci?es of the 
country  micro‐grids that support 

efficiently under emergency 
situa?ons.    



Further developments 

Sustainable squares  Public places  sustainability  educa?on 



Furhter developments 

Micro‐Hydro Plug&Play 



Conclusions 

• The EMS provides the on‐line set‐points for genera?on units while minimizing the 
opera?onal cost and considering the forecast of renewable resources, load, and 
water consump?ons. 

•  The results of the EMS showed that the power balance in the hybrid grid is fulfilled 
for all study cases, showing the economic benefit of a coordinated online dispatch. 

• Huatacondo project may become the first micro‐grid development at country level. 
There is a high poten?al of duplicate the project in other isolated communi?es.  

• Huatacondo project is going to become a tes?ng facility for new developments in 
the energy area (hea?ng & power). 

• Further ac?vi?es are focused on imporvements on micro grids, and other 
applica?on such as: sustainable squares and emergy micro grids.  

• Advances on micro genera?on units are under development  micro hydro plug & 
play. 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