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ABSTRACT

Energy consumption of today’s wired data networks is driven by access networks. Today, green networking
has become a issue to reduce energy wastes and CO, emission by adding energy managing mechanism to wired
data networks. However, energy consumption and environmental impacts of wired access networks are largely
unknown. In addition, there is a lack of general and quantitative valuation basis of energy use of large-scale
access networks and CO; emissions from them. This paper compared and analyzed limits of existing models
estimating energy consumption of access networks and it proposed a model to estimate energy consumption of
large-scale access networks by top-down approach. In addition, this work presented models that assess
environmental(anti-greening) impacts of access networks using results from our models. The performance
evaluation of the proposed models are achieved by comparing with previous models based on existing

investigated materials and actual measured values in accordance with real cases.
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E 2. Y H =99

Al& 7k

=<

=2 | HA
Table 2. Parameters of Y. H. model
Parameters Meanings Values
ty baseline year for estimation 2008
t a estimated year for estimation 2009, 2010, 2011, 2012
Residential access total energy consumption of the USA in 2008 3,184TWh
() network total energy consumption of CA. in 2008 92.37TWh
' Enterprise access total energy consumption of LBNL campus in 2008 43,139MWh
network total energy consumption of LBNL building90 in 2008 1,618MWh
B (t) the share of energy consumption by buildings in Z () in 2008 0.7
r the share of energy consumption by residential buildings in 5 (¢) in 2008 0.37
e the share of energy consumption by enterprise buildings in B1(t) in 2008 0.36
. idential
Jo] the annual growth rates of energy use of access network equipment %2)7455 ((r:ISli:re;:;:ei’
1/PUE,,,, | the share of energy consumption by network equipment in 3 (t) in 2008 0.007
w; the level of access network equipment development of the USA in 2008 1.1
¥ 3. 1. B. 2] Ayt
Table 3. Parameters of J. B. model
N pp (million) Ny Ny P (Wh) Py (Wh) Pr; (kWh)
the number of | the number the number the powers the powers the powers
Types of . . . consumed by | consumed by | consumed by
i subscribers in 2008, | of subscribers | of customers th tomer the remot the terminal
2009, 2010, 2011, | that share a | that share a | = o oC ¢ femore ¢ fermima
. . premises node at the unit at the
2012 remote node | terminal unit . .
equipment central office | central office
USA. 35.9,3?;53,1 36.4,
ADSL : N/A 1008 4 N/A 1.7
S CA 2.79, 2.66, 2.56, / 5 /
) 2.48, 2.41
usa | fo e
Cabl > 120 480 6.2 571 0.62
P a | 33353,
) 3.06, 2.93
5.4, 54,54
US.A. ’7 1’0 ’
Optical A 243, 231, 203, 16 975 72 47 0.76
) 2.17, 2.11
¥ 4. R B. md9 Az
Table 4. Parameters of R. B. model
N P (Wh)
Types of networks the number of equipment in 2008 2009, 2010, | energy consumption per device
2011, 2012 (residential: million, enterprise: ea.) in 2008, 2009, 2010, 2011, 2012
US.A. 87.4, 90.4, 94.2, 95, 105
Residential Home 1o 10.8, 10.14, 9.6, 9.04, 8.89 69, 7, 7.03, 733, 7.3
A US.A. 0.02, 0.02, 0.22, 0.22, 0.24 920
e Tea 0.012, 0.011, 0.018, 0.010, 0.09
Core LBNL 110,114,118,123,129 315
Enterprise Switch B90 N/A 110
e Access | LBNL 570, 592, 617, 641, 666 3
Switch B90 76, 79, 82, 85, 89
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Fig. 2. (a) Energy consumption of the USA residential access networks, (b) Error rates over LBNL estimates, (c) Energy
consumption of California residential access networks, (d) Error rates over CEC estimates
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Fig. 3. (a) Energy consumption of LBNL campus’s enterprise access networks (b) Energy consumption of LBNL building‘s

enterprise access network
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