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Moving	bits	instead	of	atoms	

Estimated	energy	saving	through	ICT,	in	%	per	sector	and	in	total	
•  Manufacturing:	25-30%	(total	7-8%)	
•  Transport:	26%	(total	8%)	
•  Buildings:	5-15%	(total	2-6%)	
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Source:	Ad-hoc	Advisory	Group	„ICT	for	Energy	Efficiency“	
of	the	European	Commission	DG	INFSO,	2008.	

ICT	has	a	positive	role	in	reducing	energy	(resource)	consumption	
•  e-activities	instead	of	traditional	ones			
•  intelligent	transport	systems	
•  consumption	monitoring		and	management	
•  control	and	improvement	of	energy	distribution		
•  ...	



ICT	sector	is	also	a	great	consumer!	

…	but	what	about	ICT	as	a	consumer?	

“ICT	alone	is	responsible	of	a	percentage	which	vary	from	
2%	to	10%	of	the	world	power	consumption.”	
	

“Electricity	demand	of	ICT	is	almost	11%	of	the	overall	final	
electricity	consumption	in	Germany.”	
	

“ICT	sector	produces	some	2	to	3%	of	total	emissions	of	
greenhouse	gases.”	



ICT	sectors:	which	is	responsible?		

•  All	sectors	of	ICT	are	involved	
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1. Introduction

1.1. Energy consumption outlook for data centers

Data centers are computer warehouses that store a large
amount of data for different organizations in order to meet their
daily transaction processing needs [1]. Data centers may be con-
sidered as a collection of different servers and network infra-
structures, where servers are used to collect data, network infra-
structures are used to utilize, keep and update servers’ data and
users can access the data center servers by network.

Recently, digital information has been enjoying an explosive
growth and the information scope also has a vast expansion. Data
centers are the core infrastructure to support such a trend. Along
with the development of cloud computing and proposals for green
computing, data center technologies have become the battlefield
of "Information contest" for IT giants in cloud computing area. The
high performance is not the only requirement for data centers
deployment. People begin to pay more attention to data centers’
energy consumption [2].

According to the statistics in Ref. [3], U.S. data centers con-
sumed almost 61 billion KWH in 2006, which accounts for
approximately 1.5% of the total energy consumption in the United
States. The energy consumption of U.S. data centers increased to
more than 100 billion KWH in 2011[4]. From a global perspective,
the energy consumption of global data centers accounted for 1.1–
1.5% of the total global energy consumption in 2011, which is
equivalent to the average amount of energy consumption in
25,000 American households [5].

With the constant expansion of the global economy, energy
consumption and carbon emissions will keep increasing in coming
years. Fig.1 shows an estimate of CO2 emissions of data centers for
each information and communication technology (ICT) category
from energy efficiency and low carbon enabler. According to Ref.
[6], CO2 emissions from ICT are increasing at a rate of 6% per year,
and with such a growth rate, they will account for 12% of world-
wide emissions by 2020.

The energy consumption of data centers may be divided into
two categories: computing resources and physical resources. The
statistics in Ref. [7] shows that the energy consumption of com-
puting resources accounts for about 50% of the total energy con-
sumption. The servers’ computation takes about 40% of energy
consumptions; the communication equipment’ energy consump-
tion accounts for roughly 5%, and the storage devices consume
about 5%. On the other part, the energy consumption of refrig-
eration systems is a major part of energy consumption by physical
resources, which accounts for about 40% of the total energy con-
sumption; In addition, power supply systems and other mis-
cellaneous factors account for about 10%, as shown in Fig. 2.

From Fig. 2, we can conclude that servers and cooling systems are
the most substantial energy draining facilities in data centers. They
account for a dominant portion of the total operating costs. There-
fore, reducing energy consumption for servers and cooling systems is
the key issue of the sustainable development of data centers.

In general, energy consumption of data centers restricts the
expansion of data centers with a high electricity cost, and at the
same time, the rapid growth of "carbon footprint" aggravates the
damage to the environment [8]. The energy consumption issue of
data centers has caused widespread concerns in both the acade-
mia and the industry.

1.2. Energy conservation framework and key contributions

From the above discussion, we can conclude that the energy
consumption of data centers is concentrated in the following aspects
of high-performance computing, low-power servers, energy con-
servation of computer rooms and renewable energy application. In
this paper, we summarize a general framework of energy conserva-
tion for data centers from the main aspects, shown in Fig. 3.

Some composite energy-saving strategies are proposed max-
imize the efficiency of data centers and minimize the impact on
environment dynamically according to user expectations and other
constraints. Our key contributions are summarized as follows:
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Source:	“Optimizing	energy	consumption	for	data	centers,”	H.Rong,	H.	Zhang,	S.	Xiao,	C.	Li,	C.	
Hu,	Elsevier	Renewable	and	Sustainable	Energy	Review,	58(2016),	674-61.	
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Access	networks	

5	

It	is	estimated	that	
•  there	are	7	millions	of	sites	(several	BSs	each)	worldwide	
•  their	power	supply	can	reach	80%	of		operational	costs	

for	mobile	operators	



Data	centers	
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Data	centers	
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•  In	US	alone,	90	billion	kWh	a	year,	more	than		30	giant	plants	
(500+	MW)	

•  3%	of	total	electricity	
•  Doubles	every	4	years	

Source:	R.	Danilak,	‘’Why	Energy	Is	A	Big	And	
Rapidly	Growing	Problem	For	Data	Centerss”,	
Forbes,	15/12/17	



Is	ICT	sustainability	an	issue?		

According	to	recent	estimates,	ICT	industry		
•  generates		about	3%	of	emissions	today	
•  might	generate	up	to	14%		

emissions	by	2040	
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Source:	Lotfi	Belkhir,	Ahmed	Elmeligi,	
‘’Assessing	ICT	global	emissions	footprint:	
Trends	to	2040	&	recommendations”,	
Elsevier	Journal	of	Cleaner	Production	177	
(2018)	448-463		

Climate Change, 2016). We performed both a linear and exponen-
tial fit to the data shown in Fig. 7. The coefficient of determination
R2 of the exponential fit was 0.9978 and 0.9957, with an average
annual growth rate of 8.1% and 7.0% for the minimum and
maximum curves respectively. The R2 of the linear fit, on the other
hand, was 0.9857 and 0.9930, for the minimum and maximum fits
respectively. Although the exponential fit is slightly higher and
more realistic, we show both fits on Fig. 7 to offer a lower bound of
our projections. Both exponential fits predict that by 2040, the ICT
carbon footprint could account for as much as 14% of the total
worldwide footprint at the 2016 level, and hence exceed the
current relative footprint of the Agriculture sector (9%), and almost
half of the current total footprint of the industrial sector (29%) in
the United States (U.S. Environmental Protection Agency, 2017).

It's interesting to note that the gap between the minimum and
maximum projection for the exponential fit appears to close at
around year 2035. We remind the reader that the gap between the
minimum and maximum projections is due primarily to our large
uncertainty about the lifecycle annual footprint of computers
(desktops and laptops) and displays. The total combined relative
contribution of those devices declined from 35% in 2010 to 20% in
2020, and is expected to continue to decline beyond 2020, and
hence it's reasonable to expect the gap between the minimum and
maximum projections to eventually become negligible. Our expo-
nential projections through 2040 shows a crossover where the
minimum curve surpasses the maximum curve. We surmise this
behavior as an artifact of the exponential fit, and the increased error
that is inherent to extrapolations over such a long time scale in
general. The key message of the exercise however is that both the
minimum and maximum projections suggest that continued
exponential growth of the ICT footprint, if unchecked, will reach as
high as 14% of the total worldwide footprint, a clearly unacceptable
level as it will definitely undermine any reductions achieved from
the other GHGE emissions sources.

On the other hand, the linear fits show an increase to 6% and 7%
for the minimum and maximum projections respectively. While a
linear fit is unrealistically conservative, it still shows almost a
doubling of the relative contribution of ICT from 2020 levels and
a 10-fold increase from the 2007 levels. It's arguable that an

incremental increase of 6% of the global levels of CO2-e emissions
from ICT might still seriously undermine the global efforts to curb
GHGE emissions overall.

6. Discussion & limitations

The above analysis of the growing impact of ICT industry on the
global carbon footprint takes into precise and methodical account
the impact of the production footprint in addition to the energy
consumption of the ICT devices. It also accounts and highlights for
the first time the contribution of smart phones to the overall
impact. While most of the reviewed literature has focused on the
impact of personal computers, and mostly desktops, we found that
by 2020, the contribution of PC's (including desktops and note-
books) accounts for no more than 13% of the total ICT impact, and is
expected to continue to decline in relative terms beyond 2020, with
most of the decline coming from the desktops sector, which
dropped from 18% in 2010 to 7% in 2020, while notebooks dropped
from a relative contribution of 8%e6% in the same period. Displays
continue to contribute significantly to the overall footprint where
they dropped from an overall 9%e7% in the same 10-year period.

The big surprise however in our findings is the disproportionate
impact of smart phones by 2020, and its vertiginous growth from
4% in 2010 to 11% in 2020 in relative terms. In absolute terms, the
GHGE emissions of smart phones grew from about 17MteCO2-e in
2010 to 125MteCO2-e in 2020, representing a 730% increase in the
span of 10 years. This impact is clearly driven by the fact that the
production energy makes up 85e95% of its lifecycle annual foot-
print, driven by the short average useful life of smart phones of 2
years, which is driven by the telecom membership business model.
Clearly this business model, while highly profitable to the smart
phone manufacturers and the telecom industry, is unsustainable
and quite detrimental to the global efforts in GHGE reductions.

Furthermore, the contribution of the ICT infrastructure makes
up the lion share of the overall industry impact, growing from 61%
in 2010 to 79% in 2020. Most of that relative growth comes from the
data center industry, which as we move increasingly into a digital
age, has become the backbone of both the Internet as well as the
telecom industry, and grew its contribution to the overall footprint

Fig. 7. ICT footprint as a percentage of total footprint projected through 2040 using both an exponential and linear fits.

L. Belkhir, A. Elmeligi / Journal of Cleaner Production 177 (2018) 448e463458
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Where	is	this	forecast	coming	from?		
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The	expected	growth	of	electricity	demand	(and	emissions)	is	due	to	the		
data	tsunami	
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The	expected	growth	of	electricity	demand	(and	emissions)	is	due	to	the		
data	tsunami	
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The	expected	growth	of	electricity	demand	(and	emissions)	is	due	to	the		
data	tsunami	
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Each	month	the	equivalent	of:	
•  60	billion	high	definition	photos	
•  A	video	of	10,000	years	duration	
•  6,000	times	the	content	of	the	US	

Library	of	Congress	
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Internet	traffic	triples	in	just	5	years!	

The	expected	growth	of	electricity	demand	(and	emissions)	is	due	to	the		
data	tsunami	



Data	tsunami:	traffic	growth	everywhere	
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13	Source:	Cisco	VNI,	2017	

CAGR	between	21%	and	50%		

The	data	tsunami	is	due	to	a	number	of	reasons		
•  more	people	connected	also	in	developing	areas	
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Data	tsunami:	high	rate	applications	
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The	data	tsunami	is	due	to	a	number	of	reasons		
•  popularity	high-rate	multimedia	applications	
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The	data	tsunami	is	due	to	a	number	of	reasons		
•  popularity	high-rate	multimedia	applications	
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A	message	of	400	characters	needs	
•  400	Byte	as	a	text	
•  240	KByte	as	a	voice	message	
•  1.5	–	20	Mbyte	as	a	video	message	



Data	tsunami:	connected	devices	
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The	data	tsunami	is	due	to	a	number	of	reasons		
•  traffic	generated	by	several	connected	machines	
•  robots	and	digitalized	systems	producing	huge	amounts	of	data	
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Huge	numbers!	
Twice	the	no.	of	
people	in	the	world	
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Growth	of	a	factor	3	in	10	years		

The	data	tsunami	is	due	to	a	number	of	reasons		
•  traffic	generated	by	several	connected	machines	
•  robots	and	digitalized	systems	producing	huge	amounts	of	data	



What	to	do?	

•  Sustainability	calls	for	new	energy	generation	principles:	need	to	use	
renewable	energy	sources		

•  Need	for	a	joint	design	of	ICT	system	and	their	power	supply	
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Renewables	



Renewables	
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What	to	do?	

•  Sustainability	calls	for	new	energy	generation	principles:	need	to	use	
renewable	energy	sources		

•  Need	for	a	joint	design	of	ICT	system	and	their	power	supply		



•  Strategic	for	emergency	situation		à	Power	grid	not	available		
•  Strategic	for	emerging	countries	à	Power	grid	unreliable		
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What	to	do?	 Renewables	



Renewables	
•  Strategic	for	emergency	situation		à	Power	grid	not	available		
•  Strategic	for	emerging	countries	à	Power	grid	unreliable		
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What	to	do?	



•  Strategic	for	emerging	countries		
•  There	already	are	more	than	1	million	

base	stations	that	operate	off-grid	or	
under	bad	grid	conditions	
	

•  Most	of	them	powered	by		
diesel	generators		
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What	to	do?	

Source: “Green Power Design Approach and 
Feasibility Analysis,” Green power for Mobile 
Technical White Paper, Aug. 2014. 

GPM Technical Paper, June 2014 

6 

However, the implementation of green power alternatives is far from reaching its true potential. There are 320,000 off-
grid and over 700,000 unreliable-grid telecom sites in the world today (2014)1. The off-grid and bad-grid network globally 
is estimated to reach a total of approximately 1.2 million tower sites by 2020 from the current size of 1 million off-grid and 
bad-grid towers in 2014. Therefore, The MNOs and Tower Cos will deploy an additional 160,000 off-grid and bad-grid 
tower sites by 2020.  

Figure 1: Global Off-grid and Unreliable-grid Mobile Network: Current Size and Future Growth 

 
 
The major driver of the estimated growth in off-grid and bad-grid towers is the expected expansion of mobile networks 
into rural regions in Africa and Asia, large parts of which face limited access to reliable grid electricity and poor grid power 
infrastructure. Therefore, green alternatives for telecom power present a huge opportunity for MNOs and other 
stakeholders. 
 
This technical paper will focus on the aspects of analyzing the technical and economic feasibility of green power and the 
important parameters as well as clear approach to understanding the strategy and benefits of green power for telecoms. 
 

  

                                                                 
1 GSMA GPM-Dalberg Research and Analysis, June 2014 

bad grid 

off-grid 

Renewables	



•  Policy	making	and	regulation	for	inducing/incentivating	to	
- 		adopt	of		sustainable	technologies	and	practices		
- 		reduce	device	turnover	and	manage	device	end-of-life		
- 		reduce	consumption	and	waste	through	infrastructure	sharing		
- 		reduce	unneeded	information	delivery		
				(e.g.,	advertizement)		
- 		promote	awareness	and	consumer	attitude		
				change	
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What	to	do?	 Policy	



•  Move	to	a	more	energy-aware	attitude,	several	possible	actions			
- 		choose	less	demanding	services	(not	necessary	worse)	
- 		monitor	consumption	and	reduce	unneeded	consumption		
- 		contribute	to	data	collection		
- 		take	conscious	choices	as	a	consumer	

- 		users	in	the	loop	

24	

What	to	do?	 Users	
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