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Abstract

The interest in cloud computing is overwhelming and the efficiency/cost
gains are thought to be large. Here the potential electricity savings and CO2e
emission are estimated for office usage of physical desktops (PD) and virtual
desktops (VD) in a theoretical cloud network. For PD and VD the LCA res-
ults are 331–502 and 221–288 kg CO2e/user/year, respectively. Annually the
VD is 18–74% and 20–55% lower than PD for electricity usage and CO2e
emissions, respectively. The normalised numbers for VD for data are 0.30–
0.34 kWh electricity/GByte and 0.29–0.38 kg CO2e/GByte. The allocation of
the VD impact to sending and receiving a 500 kByte e-mail was attempted
with reasonable results (0.14–1.34 Wh/e-mail). The 2020 global consequen-
tial marginal electricity production, dominated by coal and gas, has a slightly
higher CO2e/kWh than the historical global average attributional electricity.
Using the consequential marginal electricity does not change any conclusions
of the present case study. Electricity efficiency improvements of 5% per year
during five years can reduce the VD CO2e by 11%. Rebound effects for
electricity usage off-set somewhat the electricity efficiency improvements.
Green powered data centers can reduce VD CO2e by 20%. Soft clients rep-
resented by tablets would reduce VD CO2e by 1–9% and electricity usage
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by 1–16%. Indicatively the share of cloud IP traffic induced CO2e of global
human induced CO2e is expected to rise between 2012 and 2016.

Keywords: Cloud computing, CO2e, consequential marginal electricity,
data center, desktop, micro life cycle assessment, rebound effect, server, thin
client.

Notation

PD Physical desktop
VD Virtual Desktop
η Service Energy Efficiency (kW/Gb/s)
PUE Power use effectiveness
P Power usage of Network (kW)
Tn Total network traffic (Gb/s)
Ts Bandwidth for studied service, Mb/s
S Number of annual service sessions
t Hours per service session
c Number of years
i Years
α efficiency improvement (e.g., electricity)
Es Studied service energy usage, kWh
Epa Annual electricity usage by studied service, kWh
Etotal Total electricity usage over c years
Epu Electricity usage per bit for transferring bits in public

core network, J/bit
Epu,V D Electricity usage per bit for transferring bits in public

“Network” for VD, J/bit
Epr Electricity usage per bit for transferring bits in private

core network, J/bit
Epr,VD Electricity usage per bit for transferring bits in private

“Network” for VD, J/bit
Fo Overhead factor for redundancy and cooling, around 3
Fu Overhead factor underutilization of core routers, around 2
Oc Overprovisioning factor for core routers, around 2
Hc Hop count factor for core traffic, around 20
Pc Power usage of Core routers (W)
Cc Capacity of Core routers, (bits/s)
Pes Power usage of Ethernet switches (W)
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Ces Capacity of Ethernet switches, (bits/s)
Pbg Power usage of border gateway routers (W)
Cbg Capacity of border gateway routers, (bits/s)
Pg Power usage of data center gateway routers (W)
Cg Capacity of data center gateway routers, (bits/s)
Ped Power usage of edge routers (W)
Ced Capacity of edge routers, (bits/s)
Pw Power usage of wavelength division multiplexing (VDM)

equipment (W)
Cw Capacity of WDM equipment, (bits/s)
Pses Power usage of small Ethernet switches (W)
Cses Capacity of small Ethernet switches, (bits/s)
R Rebound effect (%)
Ex Expected decrease in electricity usage, kWh
Re Real decrease in electricity usage, kWh
UPS Uninterruptable power supply
CC Climate change
IP Internet Protocol
ICT Information communication technology
RMA Raw material acquisition

1 Introduction

The Information Communication Technology (ICT) sector is growing with a
relentless pace. For example, in 2012 Cisco made several worldwide forecasts
for 2011 to 2016 on annual basis: mobile cloud traffic will increase from 3.15
ExaByte (1018 byte, EB) to 91.2 EB, mobile data traffic from 7.2 to 130 EB,
cloud IP traffic from 683 EB to 4.3 Zettabyte (1021 byte, ZB), global data
center IP traffic from 1.65 to 6.6 ZB, i.e., cloud IP traffic will be around 2/3
of data center IP traffic in 2016 (Cisco Global Cloud Index 2011–2016).

The ETSI LCA standard for ICT [1] divides the ICT Industry into seven
sectors:

1. End-user equipment (e.g., tablets, TVs, mobile phones),
2. Customer Premise Equipment (e.g. gateways modems, set top boxes),
3. Access network (e.g. xDSL, BTS),
4. Core & control network (e.g., ethernet switches, core routers),
5. Data Centers (e.g. servers, storages),
6. Data transport (e.g., metro switches), and
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7. Service Provider activities (e.g., software development).

Somavat and Namboodiri [2] estimated that the ICT segment (ETSI Sectors
1, 3, 4, 5) used 6% of the global electricity in 2010.

Lambert et al. [3] estimated that the use stage worldwide electricity usage
of communication networks, ETSI sectors 2, 3, and 4, will exceed 350 TWh
in 2012, around 1.8% of global total usage. IEA estimated use stage around
900 TWh for sectors 1 to 4 (International Energy Agency, 2009). In 2012
this is around 4% of the total global electricity usage. Corcoran [4] compiled
sectors 1 to 6 and concluded that ICT use stage electricity usage is 9% of
global total in 2012 growing to more than 20%(!) in 2016. These usages
corresponds roughly to 3.8% and 10.1% of human induced CO2e emissions
assuming an annual 0.5% increase of CO2e emissions and 31 billion tonnes
released in 2012.

Note that these estimations have excluded the raw material acquisition,
production, distribution, and end-of-life treatment of the ICT Equipment
which could be very significant, especially for end-user equipment. Anyway,
the overall electricity usage driven by the seven ICT sectors will grow fast in
the next years, especially for sectors 1, 2, and 5.

New cost effective platforms such as cloud computing are emerging
where the benefit is delivered as services rather than products [5–8]. Any-
way, the ICT Sector should also strive for as green delivery as possible. A
truly green delivery is always characterized by low economic cost and high
extended exergy efficiency, or even net exergy generation.

In this context a small scale theoretical case study investigation was done
to start to understand some of the environmental implications of cloud com-
puting. Maga et al. [9] presented a micro attributional LCA where desktop
based computing was compared to thin client based computing. The results
were a 70% advantage for thin client based computing.

The news value here compared to Maga et al.’s [9] is that system bound-
aries are wider, moreover the present sensitivity analyses are much more
extensive, and in addition an ICT Service has been estimated.

The problems addressed: What are the implications for electricity and
CO2e for a comparative micro LCA study of physical desktop (PD) and
virtual desktop based computing (VD) in cloud networks? What is the ap-
proximate electricity usage and CO2 emissions associated with sending and
receiving a 500 kByte email using VD?
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2 Materials and Methods

The present research is based on the concept of micro attributional LCA.
Most LCAs performed to date are micro attributional LCAs, nevertheless
micro consequential LCAs are also becoming more common.

The added value of the present paper is the first case study to the author’s
knowledge which uses micro LCA on an extensive desktop cloud network
and partially include electricity efficiency and rebound effects. Moreover the
LCA result is applied to estimate a result to for a specific cloud service
supplied by the cloud network.

2.1 LCA Basics

LCA is a standardized method [1] for making model based estimations of
the environmental exchanges associated with technology functions. Usually
LCAs are performed on small product systems and the results are not gener-
ally applicable to global conclusions, even though attempts have been made to
scale up micro LCAs to estimate global consequences, e.g., for solders [10].
Therefore the prefix micro is added to this LCA. In fact Dandres et al. [11]
recently proposed the conceptual model of macro LCA which will mean a
paradigm shift for LCA application. The conceptual LCA models are attribu-
tional LCA and consequential LCA. Consequential LCA is preferable when
the difference between attributional LCA results is small and the rebound
effects are thought to be large.

Micro LCA studies are required to follow four main steps:

1. Goal & Scope definition,
2. Inventory analysis,
3. Impact assessment of the inventory, and
4. Interpretation of the impact assessment.

The goal & scope section includes the definition of the functional unit which
must express the function of the system in a measurable unit. The f.u. shall
moreover attempt to answer the questions: What? Where? When? How well?

The impact assessment is usually done with so called mid-point and/or
end-point valuation.

The present paper will report climate change and electricity results and
exhibit limitations and strengths of micro LCAs applied to complex ICT
systems.
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Figure 1 Studied product system of LCA study for a physical desktop.

3 Goal & Scope

The studied product systems (SPS) are shown in Figures 1 and 2. Global
average historical electricity production and usage is also included wherever
electricity is used. Later the global marginal electricity will be used in the
sensitivity analyses.

3.1 Functional Unit

For the micro LCA the functional unit (f.u.) is the annual usage of the pos-
sibility to perform office computing daily work in a “global” office by 488
users, and the system boundaries are from cradle-to-grave. Indeed this f.u.
is intentionally broad to capture “all” functions of office computer work.
Strictly there could be situations where PD and VD provide different func-
tions. However, the office usage typically includes sending/receiving emails,
file creating, and software program handling. All tasks are either done locally
on desktops or on data center servers over which virtual machines are run.

In Table 1 a summary of SPS, cut-off and excluded building blocks is
shown. The cut-off criterion is 5% addition to the first iteration of GWP 100
or electricity usage.

Typical for ICT networks is that the lifetime of system parts vary [12] and
this has to be handled when expressing the result annually as required by the
recent ETSI LCA standard [1].
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Figure 2 Studied product system of LCA study for a virtual desktop.

Table 1 Summary of SPS and cut-off for physical and virtual desktops in global office.
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Table 2 Summary of life cycle inventory for PD and VD per functional unit (f.u.).

3.2 Inventory Analysis

It is assumed that “unspecified electronics” emit around 30 kg CO2e/kg from
cradle-to-use [13]. For the time being this approximation could be used when
performing micro LCAs of large ICT systems for which many parameters ex-
cept the mass of the “electronics” inside individual ICT Equipment/Devices
are unknown. These approximations would currently make the overall Net-
work/Service LCA non compliant with ETSI LCA standard [1]. In spite of
this, “unspecified electronics” can still be used to estimate the magnitude
of the hardware production compared to use stage in complex ICT Net-
works consisting of many Equipment. In Table 2 a summary of the inventory
analysis for the present micro LCA is shown.

The present micro LCA model for VD consists of 16 main modules cre-
ated from internal investigations founded in internal and external literature
(Table 3). The quality of the inventory data is here considered high enough
for the purpose of estimating PD and VD. The lack of data quality is paid
attention to as uncertainties, e.g. lifetime uncertainty, are taken into account.
For the hardware in Table 3 the CO2e per unit is for cradle-to-use whereas
“Electricity, global average” is for both upstream and use stages. Tablet is
used only for sensitivity analysis for the Soft Client scenario for VD.

Table 3 shows that the relative share of screen production of the total
PD and VD results can be expected to be relatively large. Table 4 shows the
electricity usages by end-user and data center equipment.

Lenovo’s Energy Calculator was used for estimating Screen and Desktop
use stage electricity usages. The ancillary electricity used annually by the data
center was estimated by assuming a typical PUE of 1.7 [20] which was mul-
tiplied with the sum of annual Equipment (numbers 7–10 in Table 4) usages
of data center equipment: (PUE-1)×31,534 kWh = 22,100 kWh/year. There
are many other green performance indicators for data centers [14], however,
their application is beyond the purpose and scope of this paper.
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Table 3 Summary of life cycle CO2e emissions of main LCA modules for physical and virtual
desktops.
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Table 4 Summary of annual electricity usages for main LCA modules for physical and virtual
desktops.

4 Results

4.1 Impact Assessment

In Figures 3–8 some GWP100 and electricity usage results are shown for VD
and PD, respectively.

Figures 3–8 indicate that production of End-use devices is significant.
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Figure 3 CO2e and electricity footprint for PD and VD.

Figure 4 Climate change indicator result diagram for VD according to [1].

5 Allocation of the VD LCA Result to an ICT Service –
E-mail

In this section the previous electricity and power results (Figure 3) for VD
will be used to estimate the CO2e and electricity for a specific ICT service
delivered by VD: sending and receiving e-mails. Around 2 million e-mails
are handled annually each with an average size of 500 kByte.

The power usage for VD is approximately (120,833kWh)/(16 hours/day
× 365) = 20.69 kW. Several researchers have proposed different calculation
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Figure 5 Environmental impact category indicator result diagram for PD according to [1].

Figure 6 Climate change indicator results for VD according to [1].

schemes for estimating the electricity or power used per ICT Service [6, 15,
16]. For example, Williams and Tang [17] estimated around 0.17 Wh electri-
city and 0.17 g CO2/Mbyte for downloading a 1.63 Gbyte software program
in the UK.
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Figure 7 Relative CO2e results for PD.

Figure 8 Relative CO2e result for VD.
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The Centre for Energy Efficient Telecommunications (CEET) formulae
(Eqs. 1–3) [15] are used below.

η = P

Tn

(1)

Es = η × Ts × t (2)

Epa = Es × S (3)

P = 20.69 kW, Tn = 0.0976 Gb/s total average network traffic, Ts = 6 Mb/s
average bandwidth email service, S = 2 million e-mails sent/received per
year, t = 1.4 seconds to complete the task. Hence, η = 211.92 [kW]/[Gb/s],
2 × Es = 0.99 Wh/e-mail, and 2 × Epa = 1.98 MWh/year, i.e., less than 1%
of VD annual electricity usage can be attributed to e-mails. The uncertainties
of P , Tn, Ts and t lead to a spread of at least 0.14–1.34 Wh/email. The Es

and Epa values had to be doubled to account for the receiving of the e-mails.
The Wh/e-mail is strongly dependent on Tn, Ts , and t .

CEET also proposed to integrate the electricity usage over time and com-
pare the result with Top Runner Equipment to obtain a so called green service
index rating (GIR). The GIR estimation for VD e-mail is beyond the scope of
this paper.

A method for estimating the electricity usage for the “Network” and
“Data Center” of transporting a bit from the data center to the user via pub-
lic and private networks is presented by Mouftah and Kantarci [6]. For the
number of hops in the public network, Hc, 20 was used. Moreover, typical
energy efficiency values (W/(Gbits/s)), e.g., from Van Heddeghem et al. [18]
and Chowdhury [19] were used for all kinds of equipment in Eqs. (4–7), e.g.,
ηses = Pses/Cses = 1.3 W/[Gb/s].

For the private networks, which resemble the private intranet for VD, the
following formula was given:

Epr = Fo × Fu

(
Pses

Cses

+ 3 × Pes

Ces

+ Pg

Cg

)

(4)

As Eq. (4) includes regular ethernet switches and gateway routers loc-
ated inside the data center, two ethernet switches are removed to obtain the
“Network” share of VD:

Epr,VD = Fo × Fu

(
Pses

Cses

+ Pes

Ces

)

= {ηses = 1.3 (W/Gb/s), ηes = 8} = 5.58 × 10−8 J/bit (5)
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For public networks, which resemble public external Internet, the following
formula was given:

Epu = Fo × Fu

(

3 × Pes

Ces

+ Pbg

Cbg

+ Pg

Cg

+ 2 × Ped

Ced

+ Oc × Hc × Pc

Cc

+ (Hc − 1) × PW

2CW

)

= {ηes = 8 (W/Gb/s), ηbg = 80, ηg = 137, ηed = 26, ηc = 12, ηw = 3}
= Epu = 4.81 × 10−6 J/bit (6)

Exluding equipment located in the data center,

Epu,V D = Fo × Fu

(
Pes

Ces

+ Pbg

Cbg

+ 2 × Ped

Ced

+ Oc × Hc × Pc

Cc

+ (Hc − 1) × PW

2CW

)

= Epu,V D = 3.89 × 10−6 J/bit (7)

The public internet network contains more types of equipment than the
private intranet and therefore uses more power. The J/bit values obtained from
Eqs. (4–7) for public and private networks are highly dependent on the energy
efficiencies of the individual equipment. Moreover, Eqs. (4–7) do not include
electricity used in raw material acquisition and production.

6 Discussion

The most important part of an LCA is the interpretation which includes con-
tribution, uncertainty, and sensitivity analyses in which the robustness of the
results is tested.

According to contribution analysis (see Figures 3–8) the most import-
ant phase is Screen production. Specifically for VD the most contributing
processes are screen production and data center cooling.

The Network part (“transmission”, “C&C Network”, “intranet”, “trans-
port network”) of the PD and VD systems was estimated to 7,000 kg CO2e per
year. Using 5.58 × 10−8 J electricity/bit from Eq. (5) and the annual bits used
by 488 users (around 3.22 × 1015 bits) the CO2 from Network equipment for
PD and VD both are 31,000 kg CO2e per year. Yet, all bits are not transmitted
over the data center as only actual actions done by the user are transported.
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Scharnhorst [20] estimated in 2006 the emission cost of transmitting
data from a mobile phone via UMTS network to 5 × 10−8 kgCO2e/bit,
i.e., 429 kgCO2e/GByte. Although not comparable (different functional unit
and system boundary) the present cloud VD network uses around 0.29–0.38
kgCO2e/GByte. This indicates that the bit based energy efficiency within the
ICT Sector has been dramatically improved.

Anyway, using the present results of 0.29–0.38 kg CO2e/GByte and
Cisco’s 2012 and 2016 estimations for IP traffic some forecasting follows.
Cloud IP traffic CO2e will rise from 0.78 to 4.9% of global human induced
emissions, and data center IP traffic from 1.9 to 7.5%.

If 6 billion users worldwide use VD, their share of the annual global
human induced emissions would be around 5%.

6.1 Interpretation – Uncertainty

The uncertainty analysis in LCA should mainly investigate how the precision
of used data influence the spread of the final score. The difference between
the PD and VD systems was shown to be enough to draw conclusions as the
LCA tool SimaPro quantifies the process correlation. On the other hand, the
uncertainties of GWP100 indices were not included here. The mean CO2e
score for VD is 132 tonnes (95% confidence interval, 108–141), for PD 205
tonnes (162–245), and as shown in Figure 9, PD-VD 73 tonnes (41–116).

6.2 Interpretation – Sensitivity

The processes and activities cut-off from SPS are modelled with less detail
and data quality. These processes (Table 1) should be added to investigate
their importance and to determine if more data collection is needed.

6.2.1 Distribution & End-of-Life (Inclusion)
Several LCAs for ICT systems have shown that Climate Change scores are
not sensitive for end-of-life CO2e. On the positive side metals (Au, Ag,
Cu, Pt, Pd) are partly recovered still there are also several truck transports
involved. Considering the relatively high production impacts for displays,
re-use of Screens could be promoted. Preliminary calculations show that re-
using 50% of the Screens for four more years would decrease the CO2e for
PD and VD by some 10%. However, this estimation would need a lot more
detail.
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Figure 9 Result (kg) of a 600 runs Monte Carlo Simulation for PD-VD.

The final distribution of ICT Equipment is often done by ships which
contribute relatively low CO2e emissions often making detailed distribution
analysis superfluous. Arguably, several truck transports are always attached to
the ship transports which increase the transport impacts. Adding distribution
impacts (Table 3) to all hardware increased the total score by 1–2%. It seems
that ICT Services LCAs are not sensitive to transport impacts. In the end the
relevance of distribution depends on the transport modes used for the specific
ICT Equipment on which the Service delivery is based.

6.2.2 Soft Client instead of Thin Client
In this sensitivity check a tablet (0.58 kg, 3,250 mAh) is used instead of the
thin client (1.1 kg). The tablet could emit 13–26 whereas the thin client emits
in the vicinity of 26–38 kg CO2e/year.

Overall the VD CO2e score and electricity usage could decrease by
0.25–9% and 0.4–16%, respectively, if tablets replace thin clients. Possibly
air transports of tablets could increase their impact, but will not increase
significantly.
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Table 5 Global gross generation of electricity by source (International Atomic Energy
Agency, 2012).

6.2.3 Future Long-Term Marginal Electricity Mix Instead of
Average Retrospective Electricity Mix

The global electricity usage will increase despite the reduction induced by
the “micro” shift from PD to VD. It has started to become normal practise
in LCA to include marginal electricity as it is more realistically reflects how
investments are carried out today, and in the future and how that is related
to the demand for electricity. Actually average electricity should not be used
for decision making which involve changed electricity usage as the average
does not describe the magnitude of emission changes. Here the effect on the
long-term global electricity mix of increased electricity usage is estimated.

In this scenario the so called consequential future electricity mix is used
instead of average historical mix (attributional) worldwide. In Tables 5 and 6
the model for establishing consequential electricities suggested by Merciai et
al. [21] was used.

This estimation underlines that long-term coal and gas will dominate the
consequential future marginal global electricity mix suggesting higher CO2e
emissions per kWh than attributional mix. The consequential historical mix,
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Table 6 Global gross generation of electricity by source.

lower than attributional mix and based on measured data, can be used for
sensitivity analyses when the predictions for the future marginal is considered
too uncertain. Additionally, the predictions in Table 6 do not include annual
CO2 abatement efficiency improvements for coal, oil, and gas. Moreover (low
CO2e) nuclear is not part of the consequential future marginal mix as nuclear
electricity vendors do not respond to changes in demand (according to this
model).

The average historical electricity mix (attributional) used previously in
Figures 3–8 is replaced by the consequential future mix. The relative and
absolute impacts per f.u. are shown in Figure 10.

The effect of using consequential marginal electricity mixes could be
larger on individual region or national level than on global level.
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Figure 10 The effect on CO2e emissions for PD and VD of using consequential future
electricity.

Figure 11 The effect of 5% annual electricity efficiency improvement on VD CO2e score.

6.2.4 Electricity Efficiency Improvements over Time
Figure 11 shows the effect on electricity usage and CO2e score for VD if the
electricity efficiency is improved 5% per year. CEET [15] proposed Eq. (8)
to quantify the electricity usage over time.

Etotal =
c∑

i=1

(Epa × (1 − α)i) (8)
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Figure 12 The effect of green powered data center on annual user VD CO2e.

6.2.5 Green Powered Data Centers
In an ideal world the data centers worldwide could locally be powered by so
called green power [14, 22–25]. Figure 12 shows the potential saving (22%)
for the present micro LCA system for VD expressed per annual user should
the data center use green power.

6.2.6 Rebound Effect
Simply stated the rebound effect is that efficiency improvements have not
led to expected reductions of usage. For example, Rostedt [26] found that
Sweden’s population consumed a similar proportion energy of Gross Do-
mestic Product in 2000 as they did in the early 1900s, despite several energy
efficiency improvements during the same period. The reason is a rebound
effect on energy-intensive products. The rebound effect (%) is defined as

R = Ex − Re

Ex
(9)

A rebound effect of 40% means that, e.g., the electricity usage decrease 60%
of the expected decrease, (100 − 40)/100% = 60%. Eq. (8) is modified into
Eq. (10) to include the rebound effect, R:

Etotal =
c∑

i=1

(Epa × (1 − α × R)i) (10)
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Figure 13 The rebound effect for annual electricity usage on VD CO2e.

A rebound effect of 130% means that the electricity usage will increase
despite efficiency improvements, i.e., a “backfire” will happen. Historically
this has only happened when totally new markets have appeared, such as the
discovery of electricity in the beginning of the 20th century. It could be argued
that cloud computing is paving the way for totally new markets. Applied to
VD, this phenomenon is shown in Figure 13 for electricity rebound effects.

Figure 14 shows the cumulative effect of Eq. (10) for electricity usage and
CO2e of different degrees of rebound. E.g., over five years, with a rebound
effect of 100%, VD uses 10% more electricity and emit 6% more CO2e than
rebound effect 0%.

7 Conclusions

For the first time physical desktops and virtual desktops have been simul-
taneously compared in an extensive cloud network by micro LCA with a
functional unit of annual usage of the possibility to perform office computing
daily work in a global office by 488 users. The results of this analysis show
that VD can reduce the CO2e emissions and electricity usage by 18–74% and
20–55%, respectively. Moreover uncertainty and several sensitivity analyses
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Figure 14 The cumulative effect on electricity usage and CO2e for VD.

showed the relative result to be robust. The rebound effect could more or less
off-set the absolute results for PD and VD both. Still it is highly likely that
VD is more electricity efficient than PD.

8 Recommendations and Perspectives

For VD the following design recommendations are valid: use screens as long
as possible, optimize data center cooling or switch from grey power to re-
newable power, reduce screen power, reduce thin client power, reduce server
power. It is evident that comparative micro LCAs do not tell enough about the
total global consequences of the technology shift they analyse. Approaches
such a macro LCA [10] is likely needed to get nearer to correctly including
the rebound effects. Each micro LCA has unique conditions which affect the
validity of the final results, both for system and services. Therefore a new
micro LCA has to be done for each new system, especially for ICT systems.

From a Service LCA perspective, it was beyond the scope of the case
study to find out if VD is also more effective (accomplished work compared
to planned target) in specific working situations than PD. The procedure for
individual ICT Service calculation has started and it remains to be seen if the
uncertainties will be too large to compare and put energy ratings on unique
ICT Services in a meaningful way. Normally, data inputs are needed which
depend on the situation at hand involving more or less complicated assump-
tions. Regarding the robustness of estimations for specific ICT Services, such
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as video conference, CEET [15] estimated 42.25 Wh electricity/hour (around
26 gCO2e/h) including only the use stage whereas three other studies report
2 to 7.5 kg/h [27]. This shows that the background information (calculation
model and system boundary) is crucial to understand the meaningfulness of
the values. Standardization [27] will be able to address most issues regarding
understanding of assumptions.

A next step is to make dynamic global assessments of cloud computing
platforms including laptops and other equipment.
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