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� Current Situation 

� Recommendations (independently of wind power) 

� Wind Regime 

� Wind Park Site 

� Wind Diesel System 

� Proposals (including the wind energy option) 

� Summary 
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lai c imerD sD sDisclaimerDisclaimer 
The following presentation reflects the opinion of the 
consultant only – it is not the official view of the Comisiòn 
Nacional de Energía or any other government body of Chile 
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u e oCurrent Situationr t Si ti nCurrent Situation 
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C r y y ioen ne g Su pl i u tr t E r p S t a nr t E r p S t a nCurrent Energy Supply SituationCurrent Energy Supply Situation 

� two unconnected diesel power plants (380 V) 

� installed diesel power 
�2 x 200 kW at the airport (Buffalo) 

�2 x 473 kW at Villa Las Estrellas 

�peak demand ~ 90 kW at the airport and ~ 400 kW at 
Villa Las Estrellas 

�annual fuel consumption 1 ... 1.2 million litres diesel or 
~ 1.8 million US$ fuel costs 

�assuming an typical occupancy rate of ~ 100 persons in 
winter and ~ 140 in summer: annual fuel consumption 
10.000 litres per person or 27 litres per day 
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C r y fen ne g E icien yr t E r f cr t E r f cCurrent Energy EfficiencyCurrent Energy Efficiency 

� low efficiency because the diesel sets are over­
dimensioned to cover the peak load 

�operate most of the time with less than 30 % load 

� in addition: consumers, such as lamps and heaters, 
are not disconnected when not needed (to avoid the 
diesel running with low load) 

� low load operation of diesel leads to short life time, 
high maintenance costs of diesel gensets 

�no incentives to save energy 
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com e nmm ioioRRReeecoco nmmemmenn taddddatat ssionionss 

� independently from implementing a wind energy 
project, the following measures are proposed: 

�connect the two diesel power stations (underground 
cable) with the advantages: 
�better safety in case of power plant fire; 

�only one diesel power plant operates at a time; 

�prerequisite for a wind power plant at Eduardo Frei 

� identify energy efficiency potential of the Base 

� introduce co­generation at the diesel power plants 
�use diesel dissipation for space heating and warm water 

�considerably reduced power demand 

� large warm water storage for optimal wind power operation 
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g t o f elec y n tCo en a o ricit d her i n t a eaer i n t a eaCogeneration of electricity and heatCogeneration of electricity and heat 

� example: an input of 100 
energy units can yield 20 
units of electricity and, 
simultaneously, 65 units of 
heat 

� currently, at least 30 % of the 
electricity at the Base 
Eduardo Frei is used for 
heating 

� energy efficiency: 
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eeraeeSeperateSeperate i o ec r eaenera n ci nd to f el to f el tgeneration of electricity and heatgeneration of electricity and heat 

� under condition of separate 
generation of heat and 
electricty (with a boiler 
efficiency of 85 %) 143 
energy units are needed for 
the same energy effect 

� energy efficiency: 
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U en a e d a din og er tion t B s E rg C a a u og C a a u oUsing Cogeneration at Base EduardoUsing Cogeneration at Base Eduardo FreiiFreiFrei 

� is expected to save 50 % of fuel for electricity; 

�have annual savings ~ 0.5 million US$; 

�could reduce the fuel storage by ~ 30 %; and 

�can replace ~ 80 % of all electric heating load 

requires 

�a large warm water storage 

�a district heating system (piped warm water) 

note: 

figures indicated are first estimates only 
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M d a ro ied st n a iesel en inesif d d d gif d d d gModified standard diesel enginesModified standard diesel engines 

� transporting the 
heat from the 
cooling system to 
a separate 
insulated hot 
water tank 

� enough heat for 
warm water in 
kitchen and 
sanitary 
installations 
(example from 
Great Wall 
station) 
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D in er f ael ool g = t at r the sei c ho  w o Bi c ho w o BDiesel cooling = hot water for the BaseDiesel cooling = hot water for the Base 
note: no 
cooling fan 
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W iWind RegimendWind Regime 
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A d Daila le tava b  Wiva b  WiAvailable Wind DataAvailable Wind Data 

� from automatic weather station at the airport 
available for 1995 – 1999 and 2001 – 2005 

� long­term average of 8.7 m/s in 10m above ground 

�good quality data, reliable 

�a conservative forecast would give ~ 10 m/s at a hub 
height of 34 m above ground 

�a typical 300 kW turbine would generate ~ 1.500 
MWh per year, capacity factor > 50 % 

fo m ar ofor comparison: 
�best wind sites in Europe and the US ~ 30 ... 35 % 
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x ed u rExpected Wind Frequency Distributionp D ib t oExpected Wind Frequency Distribution 
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Win ir m  r ad d ion ro a po atect  f ir t dect  f ir t dWind direction from airport dataWind direction from airport data 

060 

180 
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W a k tWind Park SitendWind Park Site 
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P o r eop ed wind a itr s p k sr s p k sProposed wind park siteProposed wind park site ­­­ ct t ccha a isr er sr er scharacteristicscharacteristics 

�out of the way from airport (obstacle­free area) 

�short distance to both power plants (airport and Villa 
Las Estrellas) 

�easy access road (only ca. 300 m needed) 

�no steep cliffs, not a too complex terrain 

�unobstructed wind flow from the main wind 
directions 

�a 100 m high hill sits in the South of the site – only 
small influence due to wind direction distribution 

�no strong visual impact (no mountain top, not on top 
of or close to a landmark) 
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P oop edr sr sProposedProposed rwind pa kkwind parkwind park esitsitesite ­­­ ca nlo tiolocationlocation 
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Wind Park 
Laguna Las Estellas 800 m 
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p rp rWind parkWind a kWind park ––– ir t cir t f cAirport: no influenceA or n uo in l en eAirport: no influence 

0 

20 

40 

60 

80 

100 

120 

0 1 2 3 4 5 6 7 8 9 10 11 12 

Height in m above Sea Level 

Distance in 100 m from North to South 

Airstrip (45 m aSL) 
Slope with 14.3 % 



         

 
 

                                                       

         

 
 

                                    

W/D System – Conceptual Approach 
Antarctic Base Eduardo Frei Montalva 

Factor 4 Energy 
Projects GmbH 
Slide 23/40 

Comisión 
Nacional de Energía 

Win td pa k sr er i eWind park siteWind park site ––– meen ro  Vs i las i laseen from Villaseen from Villa 

W/D System – Conceptual Approach 
Antarctic Base Eduardo Frei Montalva 

Factor 4 Energy 
Projects GmbH 
Slide 24/40 

Comisión 
Nacional de Energía 

n t sI s lla ion f ea wera t m u in oa t m urin oInstallation of measuring towerInstallation of measuring tower 
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W eseW eseWind DieselWind Dieselnd eselWind Diesel 

http:19.03.08
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Win w r nd Po nteg tio  with ieseler  a Der  a DWind Power Integration with DieselWind Power Integration with Diesel 

�modern wind turbines designed and built to work in 
grid­parallel operation with large, interconnected grids 

�parallel with small, isolated electric networks based on 
diesel generators is quite a different situation 

�wind generators can influence (small) diesel 
generators (frequency up, reactive power demand ...) 

�best wind turbine for small diesel­driven grids 
� indirect grid coupling (variable rotor speed) 

�pitch control (variable pitch angle of the rotor blades) 

�synchronous generator (no induction generator) 

�additional Antarctic requirement: no gear box 
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Win r  f ad T bine or Anta cticu ru rWind Turbine for AntarcticaWind Turbine for Antarctica 

�size limitation: max 300 kW (needs a ~ 100 ton crane) 

�cold climate adaptation of series production wind 
turbines exist (in Norway, Finland, Mongolia) 

�90 % have gear boxes – would need grid power to be 
heated up during times of stand­still and low wind 

� for a diesel­powered electric network such electric gear 
box heaters (up to 10 % of nominal power) prohibitive 

�currently few manufacturers who offer wind turbines 
without gear box in the below 300 kW range 
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T a t r r b e (r n po a n o to ds t io o las t io o laTransportation of rotor blades (Transportation of rotor blades ( a oM ws nnMawsonMawson)))) 
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T a t c nr n po a n o a e (s t io rs t io rTransportation of crane (Transportation of crane ( wsMa onMawsonMawson))) 



         

 
 

                                                            

 
         

 

 
 

       

 
       

     
   

   
   

         

 
 

                                                            

 
 

    

     

      
  

  

    

        
    

   
   

    
  

  

   

  

mod	 raa ionnTTThhhrerereeee eemodmodeessss fooff wwwininindddd owppowoweeerrr inininttteeeggg trarattionion
 

1.	 standard grid parallel operation – installed wind 
power < 50 % of minimum load in the grid – allows ~ 
10 to 15 % wind penetration (= fuel savings) 

2.	 high penetration grid parallel operation – installed 
wind power < 50 % of maximum load in the grid – 
allows ~ 15 to 30 % wind penetration 

3.	 wind/diesel system – installed wind power > peak 
demand in the grid, diesel engine can be switched 
off completely when there is enough wind (requires 
additional technology for frequency control, 
reactive power generation and short circuit power) 
wind power penetration > 30 % (100 % possible) 
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Typical 
minimum Load 

Technical 
Complexity 

Additional Measures needed Penetration 
Rates 

Diesel Generator 

Standard Grid-
Parallel 

> 100 kW low none 5 to15 % always on 

High Penetration 50 - 2,000 kW* medium dynamic power factor 
compensation, load 
management, output reduction 

15 to 30 % always on 

Wind/Diesel System 50 - 2,000 kW* high	 modified wind turbine, rotating 30 to 80 %, can be switched 
phase shifter, battery and/or depending on off 
flywheel storage, supervisory the wind 
control system and more resource 

*) larger projects possible 

Factor 4 EnergyW/D System – Conceptual ApproachComisión Projects GmbH 
Nacional de Energía Antarctic Base Eduardo Frei Montalva 

Slide 32/40 



         

 
 

                                                                    

   
 

       
   

             
   

 

         

     

           

         

 
 

                                        

W/D System – Conceptual Approach 
Antarctic Base Eduardo Frei Montalva 

Factor 4 Energy 
Projects GmbH 
Slide 33/40 

Comisión 
Nacional de Energía

d  f e d a dWind power system for Base EduardoWin em  a uWind power system for Base Eduardo FrFreiiFrei 
�grid­parallel operation not recommended, as diesel 

generators currently operate always in low load 
condition (high specific fuel consumption, high wear) 

�additionally, high up­front cost (for transportation and 
crane) make fuel savings < 30 % uneconomical 

�wind/diesel system with the ability to switch off the 
diesel completely is the best option for such a small 
diesel­driven electric grid 

�however, it requires 
�rotating phase shifter (synchronous condenser, MSM) 

�short­term energy storage (flywheel) 

� long­term energy storage and/or non­time critical consumers 
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E r  win el ysExample for a wind/diesel systemmExample for a wind/diesel system 
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CConcepteConcept 
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T  w dT  w dThe way forwardhe y or ra  f aThe way forward –––– ssCurrent ProposalsCurr t Pr po lso aCurrent Proposals 
�connect both diesel power plants with an 

underground cable via the proposed wind park area 
�contact wind turbine manufacturer of (preferably 

gearless) wind turbines 
� joint design a wind/diesel system with a target wind 

energy penetration rate > 80 % 
�convert existing power station in Las Estrellas to the 

main power station of the base (flywheel etc) 
� install switch cabinets for synchronizing of diesel at 

both power stations 
� install cogeneration of heat an power (= dump load 

for excess wind power) 
note: preliminary proposals only 
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S lin o E  win / elg e ia ra d iesin le d m  f B F din le d m  f B F dSingle line diagram of BEF wind/dieselSingle line diagram of BEF wind/diesel 
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C a ngener ion f h t a d poo t o ea ero t o ea erCogeneration of heat and powerCogeneration of heat and power 
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Summ ySummaryaSummary 

� current two­power station scheme inefficient, lacks 
security 

� joint power plants better security and efficiency 

�wind power only feasible with a combined electric network 

�plan and design a full wind/diesel system, which allows 
diesel­off mode 

� avoid low­load operation of the diesels 

�with a wind/diesel system, diesel power always in optimal 
mode (additional power for battery charging and/or water 
heating) 

� introduce large hot water storage for catching diesel 
generator dissipation heat and excess wind power 
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The End. 
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