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Motivation 

ÅData centers = machine rooms to giant warehouses 

ÅConsume massive amounts of energy (electricity) 
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Motivation 

ÅElectricity comes mostly from burning fossil fuels 

CO2 of world-ǿƛŘŜ 5/ǎ ώaŀƴƪƻŦŦΩлуϐ 9ƭŜŎǘǊƛŎƛǘȅ ǎƻǳǊŎŜǎ ƛƴ ¦{ ϧ ²² ώ5h9Ωмлϐ 
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Can we use renewables to reduce this footprint? 



Outline 

ÅDC energy usage and carbon footprint 
 

ÅReducing carbon with renewables: 2 approaches 
 

ÅOur target and research challenges 
 

ÅSoftware for leveraging solar energy 
 

ÅParasol: our solar micro-data center 
 

ÅCurrent and future works 
 

ÅConclusions 

 



Greening DCs: Grid-centric approach 

ÅPump renewables into the grid 
 

ÅPros: 

ïIf the grid is available, power is available 

ïDC operator need not worry about renewable plants 

ïPlants can be placed at the best possible locations 
 

ÅCons: 

ï9ƴŜǊƎȅ ƭƻǎǎŜǎ ƻŦ Ϥмр҈ ώL9/Ωлтϐ 

ïDependence on the power grid or diesel generators 
 

ÅExample: Google buys wind power from NextEra 

 

 



Greening DCs: Co-location approaches 

Å(1) Build DC near a renewable plant or (2) self-generate 
 

ÅPros: 
ïReduced energy losses: ~5% 

ïNo dependence on the grid 

ïLower peak-power/energy costs, after amortization period (2) 
 

ÅCons: 
ïLocation may not be good for DC (1) or renewable plant (2) 

ïEnergy may have already been committed (1) 

ïNeed to install and maintain renewable plant (2) 
 

ÅExamples: Microsoft built DC near hydro plant in OR (1) 

                        Apple is building 20MW solar array in NC (2) 

 

 



Outline 

ÅDC energy usage and carbon footprint 
 

ÅReducing carbon with renewables 
 

ÅOur target and research challenge 
 

ÅSoftware and hardware for leveraging solar energy 
 

ÅCurrent and future works 
 

ÅConclusions 

 



Our target 

ÅNo approach is perfect 

ïDifferent DC operators may take different approaches 

ÅCo-location or self-generation with solar and/or wind 

ïPros: Clean and available 

ïCons: Space and cost 

 



Solar and wind are clean 
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Solar is more available in the US 

Wind Solar 

ώbw9[Ωмнϐ 



Space: Solar PV efficiencies are increasing 

ώL9!Ωмлϐ 
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Space: Solar PV capacity factors today 
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Cost of solar PV energy is decreasing 

DǊƛŘ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜǎ ƘŀǾŜ ōŜŜƴ ƛƴŎǊŜŀǎƛƴƎΥ ол҈Ҍ ǎƛƴŎŜ мффу ώ9L!Ωмнϐ 

ώ5h9ΩммΣ{ƻƭŀǊōǳȊȊΩмнϐ 
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Cost of solar PV energy is decreasing 

spike in demand 

world-wide recession 

back to historical levels 
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Cost of solar PV energy is decreasing 

< 1/2 of current cost 

With incentives, the installed price can go down by another 50-60% 



Solar space and cost: Present and future 

Space as a factor of rack area Present Future (2020-2030) 

Density per rack 

8kW (200W 1U servers) ~47x ~24x 

2kW (25W 0.5U servers) ~12x ~6x 

Cost per Watt Present Future (2020-2030) 

~$2.30 < $1.20 

Time to amortize cost Present Future (2020-2030) 

~12 years < 6 years 

Assuming 30% server utilization, 50% solar energy, NJ capacity factor, and 1 row of panels 

Assuming above costs, NJ capacity factor, and NJ grid energy prices 

Assuming self-generation and federal + NJ incentives 



Solar space and cost: Present and future 

Space as a factor of rack area Present Future (2020-2030) 

Density per rack 

8kW (200W 1U servers) ~47x ~24x 

2kW (25W 0.5U servers) ~12x ~6x 

Assuming 30% server utilization, 50% solar energy, NJ capacity factor, and 1 row of panels 

Wind takes ~12x less space and is ~3x cheaper 

Cost per Watt Present Future (2020-2030) 

~$2.30 < $1.20 

Time to amortize cost Present Future (2020-2030) 

~12 years < 6 years 

Assuming above costs, NJ capacity factor, and NJ grid energy prices 

Assuming self-generation and federal + NJ incentives 



Main challenge: Supply of power is variable! 

ÅBatteries and net metering are not ideal 
 

ÅWe need to match the energy demand to the supply 
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Main challenge: Supply of power is variable! 

ÅMany research questions: 

ïWhat kinds of DC workloads are amenable? 

ïWhat kinds of techniques can we apply? 

ïShould we allow programmers to specify what can be done? 

ïHow well can we predict solar availability? 

ïIf batteries are available, how should we manage them? 

ïCan we leverage geographical distribution? 
 

ÅBuilding hardware & software to answer questions 

 



Outline 

ÅDC energy usage and carbon footprint 
 

ÅReducing carbon with renewables 
 

ÅOur target and research challenges 
 

ÅHardware and software for leveraging solar energy 
 

ÅCurrent and future works 
 

ÅConclusions 

 



Green DC software 

ÅFollow the renewables ώIƻǘtƻǿŜǊΩлфΣ {LDa9¢wL/{Ωммϐ 
 

Å5ǳǘȅ ŎȅŎƭŜ ƳƻŘǳƭŀǘƛƻƴ ǿƛǘƘ ǎƭŜŜǇ ǎǘŀǘŜǎ ώ!{t[h{Ωммϐ 
 

ÅQuality degradation for interactive loads [UCB-¢wΩмнϐ 
 

Å!ŘŀǇǘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ōŀǘŎƘ ǇǊƻŎŜǎǎƛƴƎ ώIƻǘtƻǿŜǊΩммϐ 
 

ÅDelay jobs while respecting deadlines 

ïGreenSlot ώ{/ΩммϐΣ GreenHadoop ώ9ǳǊƻǎȅǎΩмнϐ 



hǾŜǊŀƭƭ άŘŜƭŀȅ-until-ƎǊŜŜƴέ ŀǇǇǊƻŀŎƘ 

ÅPredict green energy availability 

ïWeather forecasts 
 

ÅSchedule jobs 

ïMaximize green energy use 

ïIf green not available, consume cheap brown electricity 
 

ÅMay delay jobs but must meet deadlines 
 

ÅSend idle servers to sleep to save energy 
 

ÅManage data availability if necessary 
 



GreenHadoop scheduling 
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GreenHadoop scheduling 
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GreenHadoop scheduling 
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GreenHadoop scheduling 
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GreenHadoop scheduling 
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Energy prediction vs actual 
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Actual data from the Rutgers solar farm (scaled down to our 16-node cluster) 




