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1. Power Proportional
2. Energy-Aware

3. Virtualization

4. Migration

5. Consolidation
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1. Total Cost of Ownership (TCO)
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2. Power Distributed Unit (PDU)
3. Facebook
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OPEXgpergy Reduction(T) (¥
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1. Depth Of Discharge (DOD)
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Objective: Minimize (Break even Time)
Where Break even Timeis the time when

CAPEX gygtem™

Break even Time (\: 3‘-“”.‘)
ZT_O (OPEX gergy Reduiction (T) + Solar Selling Profit (T))

Subject to Data Center Power Requirment Constraint

VT: Powerg own (T) + Used Solar Power (T) + Ppischarge (T) (& dayl,
> Power Forecast (T) + Pcharge (T)

s J> D gn
a3 o il Iy SPMU 5 Sles 8550 55 S'ai

SPMU sS4 ¥ Joss

Algorithm 1. Pseudo Code For SPMU

1. Function Smart Power Management

2.1f T € low cost Interval

3. While (Power Forecast(T) < Allowable Power)
4.  Charge Empty Batteries,

5. Power Forecast(T)+= P chage(T);

6. End If;

7.1f T € High cost Interval

8. While (Assigned Power < Power Forecast(T) && Nayaiiaie (t) >0)
9. Discharge Available Batteries;

10. Assigned Power+= P pischarge(T);

11. End While;

12. End If;

13. While (Assigned Power < Power Forecast(T) & & Solar Selling Profit < Energy Cost(T))
14. UseAvailable Solar Energy;

15. Assigned Power+= Used Solar Power (T);

16. End While;

17. While (Assigned Power < Power Forecast(T))
18. UseBrown Energy;

19. Assigned Power += Power Brown (T);

20. End While;

21. End Function;
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Esolar (T)=B (T)*(1- Cloud Cover (T)) (5 i,

555 (B8 L 0)dd cdpuae) (sl yon (6551 ly (See paenal dw dllie () )
G S50l Bpmae Ao 5l it eyt (5] Jh9)8 dgm oS (ebdle il oad 4B S
B yman odalCundty (655l «ygo ol e )3 D98 00 4B g )8 (hudyen (5] Bl (g o
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slo > 5p &8y 4 dog b (g8 5l (S dgw a5 Jalpd 5 b by oo 9,84 1) (55 5]
Ol Al b5 1+ B (gladlaly S o 033 1) () el 657 jlows 955 slaojl
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vT: (Sold Solar Power(T) + Used Solar Power(T)) x (v dbl,
Duration (T) = E gy (T)

Used Solar Power(T)= (A dk,
Min  Power Forecast(T) - Power , (T) Esa ()
th "2 Duration(T)
Used Solar Power (T) >0 A dlay,
Sold Solar Power (T) >0 (Ve dayl,

5 =g (55 b Caid g (] A dslre (08Ul &y ey &S ol S
4 o Aoy &y peie by g5 Dilia] 1 SPMU ol Sies ¢y 8005 s ] ]
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Egattery (T) = (Battery Capacity x (1 — Battery Losses) X DOD (VY
X NAvailable(T))

Echarge (T) = (Battery Capacity X (1 — Battery Losses) x DOD) (VY ay,
X Ncharge(T)

Epischarge (T) = (Battery Capacity x (1 — Battery Losses) X DOD) (VY ala,
X NDischarge (T)

o pee U 5 (65U police 45 ¢ 5,5 1 Lials aw DOD Yl slaakal,
25 ol 5)hladl Cusdge 3 sl )3 0xile B 55U I Glgi e (riomed 5 358 0
2 g 0ad L dineS (6551 48,5 b (Sloj B3l )3 syl gl bl dja il jolatedy
225 Sopods g il A5 5 55l e duslone N g0 45T 48 )a5 o s b Sloj B30,
W
VT € High cost Interval:

EDischarge (T) (\\9 3]4,‘)
Ppischarge (T)=Minzl{  Duration(T) ’
Power Forecast(T)

VT € low cost Interval:
< ECharge M > (\O layl J)
Pchage (T)=Min Duration(T)’
(Allowable Power(T)-Power Forecast(T))

3 &S Cunl pudly sl jly8 5 tdlasd iomen o T oy dlold yo )0 45 lacgdgisne
VT;€ Low cost Interval:

Navaitable (t + Ti) = Nayailable () + NCharge (T (\; :\Ja.:‘)

NDischarge(Ti) =0 (\V :\]a;‘)
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Where (0 = NCharge(t + Ti) =< NTotal (t) - NAvailable (t))
VT; € High cost Interval

Navaitaple (t+Tj)=Navaiiavle ()-Npischarge(T;) (VA dlal,
NCharge(Tj): 0 (O dlayl,

Where ( 0< NDischurgE(t + Tj) < NAvailable (t))
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