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Energy consumption in ICT

@ siLicon

Fast facts! Todayos situati on
I ICT at 3% of total energy (Gartner) CO, pollution in Gtlyear
(2% of global carbon emissions)

50 A\ 2.0
I EU: ICT at 8% of electrical power
(2% of carbon emissions) 40 10
I Wireless ICT: 0.5% of total power 30 N\ // 12
I Examples for broadband networks
I GSM network (Germany): energy 20 Total 08
consumption of a medium-sized city, — Air Traffic 04
e.g. Ludwigshafen (160 000 — Data Centers
inhabitants) 0 L 0.0
i Orange network (France): 280 GWh @Q(o q,QQb q,QQ/\ WQQ% @Qo) ’9@ S
(81 % data, 12% voice, 2005!) Source: fADie Zeitodo, 200

I Pollution of ICT > air traffic
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What Is your expectation?

@SiLiCOI’)
Doubles every 5 years

Expert expectations
I Riseto 1.43 Gt CO, in 2020
(5% annual growth rate assumed)
I 25% telecoms infrastructure
I 18% data centers
I 57% PCs and peripherals
I Potential of 7.4 Gt CO, abatements
(Smart 2020, GeSl)

Cellular Customers (Mi0.)  source: Gsm world
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Base stations: road blockers

@ siLicon

Power amplifier losses
(900 W)

Todayos situation!
1. One half of total power dedicated to © RF power
power amplifier losses EelY,

I ARel axedo | inear

I 15% average energy efficiency
2. Energy Into heat conversion Input power to 12 power amplifiers (1440 W)
3. Energy for cooling needed

I Defined operating conditions
e ) . Input power to 12 transceivers (1680 W)
I NAutarkico oper a’ De-heating (60 W)

Antenna network

I Generator sets controller (30 W)
.I. Battery paCkS Station unit (10 W)
I Performance, efficiency degradation
i Lifetime cycles 2kW
I Harsh operating conditions

Analogue parts (132 W)

Digital parts (108 W)

Input power to hase station (1780 W)

Source: Alcatel-Lucent study
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Project vision

@ siLicon

N L e decrease energy consumption of base stations to enable
regenerative and autarkic supply in mobile broadband
net wor ks! o

CoolBaseStations, January 2010
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Partners and research tasks

@ siLicon

Levers

Partnhers

Improve integration of power amplifiers for femto-cells

Use energy-aware methodologies during circuit design

Device models for harsh operating conditions

£ TECHNISCHE
(L)) UNIVERSITAT

DRESDEN

Investigations of solar cells and panels

Alternative supply by fuel cells for less cooling

Optimize power supply switching

MUGLER@

Optimize system integration and life-cycle mgt. =
Analysis of network operating conditions ® .. 1. .Mobile-

vodafone
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Energy supply by solar cells

@ siLicon

Vision for ICT in general

Heginnal Power Supply !

% . Isolated Grids
o Rt . —
B \/—\“ . LT Qfml Power Supply /
“'ﬁ-] . Stand-alone Systems
Transmission do " ——
via Satellite _*  Radio
o Transmission

o —r
‘4 o ;&‘-Iéﬂa
Central Stntlon Trana—Flegmnal Power Supply / &
- Remote Control Utility=grids
= Monitoring
Technology goals within t'lle EPIA Roadmap Status February 2006
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Energy supply by solar cells

@SIUCOI’)
The facts! The Challenges!

i DC power base station: Pz a 32 k®/ (GSM only)

I Available solar energy: 115 W/m?, e.g. in Saxony

i Efficiency of (industrial)solarc el | s: d O 16 %

I Available energy for supply: E/A ,.cei=18 W/m?

I Installation area at base stations: A < 15 m?

I Maximum power: P g .cen < 270 W

C20 % of base station supply mic

— Base stations must support UMTS, LTE (advanced), etc.
— Not many control parameters, e.g. improved efficiency of cells
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Limits on efficiency, examples

@ siLicon

Efficiency (crystalline silicon)

i Mass pr odygyctai olm6:% d

i Scientific demommst2ibat i ons: (
C Reduce major losses

_ | Resistance losses
I Contacts, wires
C Multiple dimensions
I Optical losses
I Shadowing, reflections
C Anti-reflection
I Recombination
I Volume, surface
C Passivation, amorphous Si
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Supply power switching

@SiLiCOI’)
Power factor improvements

I Purely resistive systems: PFA 1 possible
I But wireless networks: PF — Rea
I Varying load conditions Pt Peactive
I Nonlinear effects
I Device parasitics
CPF ¢1, e.g. typical: PF= 0.6 & (
I Development of circuits with PF > 0.95 (active PFC)
I Adaptively with regard to changing conditions (load, V, I)
I Highly integrated and low-cost solution
Possible savings with PF = 0.95
= 48TWh/a

= Required energy of 13.6Mio. households
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Adaptive MPSoCs

@ siLicon

Energy-efficiency of signal processing platforms
I Energy management integration in hardware

I Load balancing together with fine-grained voltage/frequency scaling

I Runtime manager task scheduler in hardware (energy aspects)

I Configurable on-chip network regarding high speed and energy efficiency
I Extended design methodology for energy aspects

CDB method compared to standard design flow

Integration in 45nm CMOS
g
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