
Energy Limitations on Optical 

Data Transport and Switching

Rod Tucker

University of Melbourne



Summary

 Top-down estimate of energy consumption of the Internet

- Projections of current trends (BAU)

- Switches and routers

- Optical transport

 Bottom-up estimate

- Based on theoretical and practical lower bounds

- Transport energy

- Switching energy

- Network energy

 Putting the GreenTouch factor of 1000 into context
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Efficiency Trends – Transport Systems
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Lower Limit on Transport Energy per Bit
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Shannon Bound

Signal to Noise Ratio per Bit, SNRbit (dB)

S
p
e
c
tr

a
l 
E

ff
ic

ie
n
c
y,

 S
E

(b
/s

/H
z
)

0 10 155 20

1

10

0.1

X

OOK @ 10-9 BER

X

BPSK @ 10-9 BER

Shannon Bound

-2

Coding/decoding → increased CMOS energy

Advanced modulation  → increased TX/RX consumption

increased SNR, Eamp

Energy per BitEfficiency



Energy per Bit per 1000-km
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Key Conclusion:

Minimizing Emin is not necessarily the best strategy for minimizing ETotal
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Conclusions

 Top-down and bottom-up estimates of energy differ by ~ x104

 Theoretical limits on optical transmission are well defined

 Not so for networks

 Optical packet switching offers no clear advantage over 

electronic packet switching


