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Guide to ICT Carbon Footprint measurement tool
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Introduction

The aim of this ICT Footprint measurement tool is to develop a method and technique which is flexible
and complementary to existing methods that cities already use. It draws on eX|st|ng international
standards and methodologies (such as the ITU's L.1400 recommendations’', GHG protocol, the
Carbon Disclosure Project, as well as standards from International Bodies such as 1SO14064) to
enable cities to measure, compare and report on ICT’s direct carbon footprint at a city level.

This tool is complimented by an online visualization tool to allow comparison of metrics across a
specified time period, thereby supporting cities to evaluate their status in meeting the Green Digital
Charter target of 30% reduction of CO2 emissions on ICT equipment over 10 years.

This ICT carbon measurement process provided in this document can be used by anyone. The
visualization tool described can only be used by signatories of the Green Digital Charter
(www.greendigitalcharter.eu) who have login access to the Green Digital Toolkit.

Approach

By following the 7-steps guide below, a City / Municipality can measure aspects of their ICT Footprint
and analyse the results. The ICT Carbon Footprint measurement tool should be viewed as an
iterative process, added to, or refined as local ICT records, relating to both equipment owned, or used
(eg. outsourced services; 3rd parties who may attach their own ICT devices) by a City are identified,
and/or authoritative data on energy usage for all ICT devices are published.

It is therefore recommended that a City’s first attempt at measuring their ICT Footprint should be
based on a self-contained Department which has a good record of their ICT assets. Once they have
an ICT Footprint ‘score’, this should also identify where there are gaps and how they might refine the
process. Especially in relation to equipment where there is no published energy rating, or possibly
where on the first pass an estimated figure was used and subsequently an Agency (such as the ITU
or Energy Star) has updated/expanded their energy / CO? database for ICT equipment.

The L.1400 series of recommendations published by the International Telecommunications Union (ITU) presents general principles on
assessing the environmental impact of information and communication technologies (ICT) and outlines the different methodologies that are being
developed, namely:

L.1410 Environmental impact of ICT goods, networks and services
L.1420 Environmental impact of ICT in organisations
L.1440 Environmental impact of ICT in cities (expected in 2012-2013)
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7-step guide to measuring carbon footprint of ICT

This guide describes a process for cities to capture their energy data. This data can be
collected in table format for city analysis. An example table is provided below.

ICT Carbon Footprint measurement tool v.1

Power Total power <o,
usage Annual unit | Number
Scope| Scope | Time inUse |Time on Standby| Switched off wats) ofunits | pa. _|Total Cost| (%)
P
Detail City Depts. Categorise ICT Assets | (hours per year) | (hours peryear) | (hours peryear) |  in-use standby |switched off (kWh) (kWh) | tkacoze)
125 | 0526
350 8410 0 550 7 04 75737 5 7508.22| £ 168.63] __131.67
7640 460 6460 & 78 0 727.68 27 3069.12] £ 383.64 7.00
7640 7360 5540 50 5 05 720,07 70 7200.70[ £ 150.00 29
ai 320 760 5280 550 7 04 760.43 3 541.30] £ 67.66 765
our city details b 5 5
Totals| £ 3

Figure 1: An example table for gathering ICT carbon footprint data

Key outputs from this data can be uploaded into a visualization tool on the Green Digital
Toolkit using the spreadsheet provided
(http://www.greendigitalcharter.eu/nice_toolkit/documents/Template.csv).

This spreadsheet captures the essential data for tracking the ICT carbon usage over time

namely:

o Asset
Number of unit
Uptime (hours)
Standby (hours)

Downtime (hours)

Consumption (kWh)

CO2 emissions (kgCO2e)

Total Cost (your preferred currency or Euros)

The data is plotted into a graph and provided in summary as a snapshot for analysis.

Figure 2:

ICT Carbon Footprint Tool

My Energy Shapshots - Total energy consumption Current Reduction : 93% over 0
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“This tool enables a City / Municipality to measure their ICT Footprint.

App for Visualizing ICT carbon footprint data over time
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Gathering the ICT carbon footprint data

Step 1 — Organisational Scope — as stated in Recommendation ITU-T L.1420, “the organizational
boundaries define which parts of the organisation to include in the energy consumption or emissions
assessment (eg. main units, subsidiaries, joint ventures etc)”, adding that irrespective of the approach
chosen, ICT organisations should take into account all facilities used for the operation of the
organisation, whether owned or rented.

Therefore at the outset of any ICT Footprint Reporting task, a City must firstly define / agree the
boundaries of the departments” that are to be included (and excluded) from the City/Municipality’s ICT
Footprint.

Note: the data is best captured at a departmental level; thereby encouraging greater accountability for
departmental footprints as well as ownership and accountability for a reduction plan manageable
within a defined area of responsibility.

Step 2 — Define the Assets - gather data on the type3 and number® of ICT devices to be included
(NB. initial estimates can be refined with further ICT devices, improved analysis of device types, or
other factors such as a cooling for high end devices).

Step 3 — Estimate — how much time in hours, on average, an asset is in use and is on standby, on an
annual basis.

Step 4 — Count / Calculate — how much energy, in terms of kilowatt hours (kWh) each asset type
uses, both when in use and on standby.

Energy use as duration

Calculating energy usage of ICT equipment can be either estimated as a rough guess or carefully
measured based on the resources available to the city. At the very least, a city can use its energy
bills and an estimation of working hours to calculate the period of time used by ICT equipment,
categorized by when in use, on standby and off. Tools are also available to monitor equipment on an
IP network to establish their on/off/standby status. One such tool (EasyArp) has been developed for
the Green Digital Charter and is available from the Linkoping administration in Sweden in the Green
Digital Toolkit.

Energy use by asset type

Currently there is no single source of trusted data on actual usage of energy by the wide range of ICT
equipment used in cities. Cities are therefore developing their own methods for calculating energy
usage (see Linkoping case study in this document). Products are available which will calculate the
energy of equipment using ‘plug in’ monitors. Cities are encouraged to share the data they are
capturing on energy use of ICT equipment with each other.

There is a European version of the Energy Star database (www.eu-energystar.org/en/database.shtml)
where energy consumption data for office and related ICT equipment can be used. This is mainly
restricted to office ICT equipment e.g. desktop and notebook computers; workstations; small-scale
servers; monitors and imaging equipment. There are two ways in which the Energy Star database
can be deployed. The more time consuming, but accurate way is to extract the number of devices of

2 In the context of ICT Footprint Reporting, a “department” can be any function from a unit within the City council, to
a mainstream function, such as education (eg. schools) or health (eg. hospitals).

3 A list of equipment categories together with their energy use, energy cost and CO, Emissions complement the list
contained in the Annex of L.1420, and are reproduced in this document as Annex A.

4 The number of each type of device can be derived from an inventory list / asset register or an equipment audit
provided by a City / Department.
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a specific make, type and configuration (eg. Compagq laptop with Windows 7), and ‘Search Database’
— see examples in Figures 3 and 4, below:

ENERGY STAR 5.0 qualified Notebook computers

Notebook computer

Brand Elacer [Ceerac [Colidata spa A computer designed specifically for
if none selected  LJAcer / eMachines Cleicasvte Clolivetti portability and to be operated for extended
Elaro [CHaier [[Ipackard Bell periods of time either with or without a direct
then use all
Elapple [Crannspree [Clpackardsell connection to an AC power source.
[Flaspire (&S [ —— Notebooks must utilise an integrated
Elasus Flinves [auanta Computer computer display and be capable of operation
Elaveraec [Fl1.p. 58 Couto S Ham off an integrated battery or other portable
power source. In addition, mast notebooks
[sanero [Dienovo [Csamsung
Floenc = s, wse an external power supply and hava an
a o Fhos B oy integrated keyboard and pointing device
BMx Computers LG Electronics B
Ccevo [Ciinkworld Electronic Co., Ltd  [lstone Tablet PCs, which may use touch-sensitive
[ magicpad [Crabletkiosk sereens along with or instead of other input
[Elwaguay [Clrarox devices, are considered Notebook Computers
[Cemachines EImarata [Clverna in this specification.
[ Founder [F motion computing Inc. [Troshiea = o
Cruitsu Cwsi [oshiba corporation e
Ceateway [EINTT System [Clviewsenic EU ENERGY STAR specifications for
Computer Equipment v5.0 [PDF]:
[Clenarsl bynamics ttronix  [1oLIDATA
Operating [ chrome 08 [ Windows 7 [T Windows Vista /XP / 7 B6 ¢ DA DE E EN
system [lreenos [Clwindows 7/ 8 [Clwindows vista / xP, Linux S E H R HU T
if none selected L Google chrome Elwindows 7/ xp Clwindows xp
then use all Clinux Clwindows 7, Linux Clwindows xp /7 oW M N PLPT
[Cmac 0sx [Cwindows 7, Meago 05 Clwindows ¥p /7, Linux T =0
[Clothers [Cwindows vista [Clwindows xe, Linux
Clubunts [Clwindows vista /7 Elwindows?
Clwindow 7 [Cwindows Vista / XP
Results 25
Search database
Figure 3: Energy Star database - Refine search
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Figure 4: Energy Star database - Search results

Alternatively an approximation method can be deployed using the ‘Energy Calculator’ interface on the
EU energy-star website (see Figure 5, below). This enables a user (eg. a City) to assess the energy
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usage of a device by denoting equipment type (eg. Workstation, Multi-media PC, Imaging Equipment)
and its Usage profile (eg. “Average office”, “Never switched off” etc),

Energy Calculator for PC Equipment ™

PC Monitor Use OUTPUT
power per mode power per mode hours per mode Total Costs:
Equipment| Workstation =2 System 18" LCD[ ] [Average ofice ___|5al| 2600 EUR
On-mode | 180 w 17 w 4 hr/day Your electricity consumption:
Sleep-mode[7.4 W 08 w [ ]hr/day 1737 kWh/year
Off-mode[15 W 05 w 15 hr/day
Power management PC+monitor- energy saving [~ months / year airco

Buyor @ 2500 | EUR/PC ['m ] EuR/moniter [6 | years product life

lease () [0 | EUR/system per year [7] 1useaups Electricity Eur/kWh Calculate!
Total costs split-up EURO  Energy split-up kwh/year
@uwpment 2550 |IOn-mode 148
Energy 149 5leep mode 115
Paper and toner/ink o off-mode 122
Total 2600 \Air-conditioning o

[Total 1737
Calculator history: last 6 calculated results
y 1 2 3 4
[Fck tosce st newest| previous| eldest|
Total Costs (EUR)
kwh/year|

Instructions

B You can change values for on/off/sleep modes and hours by using the dropdown lists or you can type any value

Figure 5: Energy Star database - Energy calculator

Step 5 — Convert the kWh units into a CO, rating (ie. kgCO2e) based on the energy conversion
factor for grid electricity published at a regional or country level (in the UK this conversion factor is
0.5246 ) NB. this figure could also influenced by the energy source (eg. this can be ‘top-down’
average for a City, or alternatively a ‘bottom-up’ approach based on knowledge of energy sources).

Note : to convert watts (ie. electrical power) into kilowatt-hour (kWh), the formula is “Energy (E) in
kilowatt- hour (kWh) is equal to the power (p) in watts, multiplied by the time period (t) in hours divided
by 1000” (for example: what is the energy consumption in watt-hour when the power consumption is
5000 watts for time duration of 3 hours?). Answer : E = 5000W x 3h /1000 = 15 kWh.

Step 6 — Summarise — the findings by Department and City, as appropriate.

Step 7 — Action Plan — detail the actions planned, or need to be undertaken and what effect these
will have, and by when, on the City’s ICT Footprint.

Next steps

Cities are advised to repeat the 7-step plan across departments until an overall assessment of the city
administration’s ICT carbon footprint can be made. It is recommended that the 7-step plan is refined,
developed and repeated as the action plans are rolled out.

> Based on UK government (ie. Department of Energy and Climate Change) GHG conversion factors.
6 http://www.rapidtables.com/calc/electric/watt-to-kwh-calculator.htm
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Visualising ICT Carbon Footprint data

Cities are advised to repeat the 7-step plan across departments until an overall assessment of the city
administration’s ICT carbon footprint can be made. When the data has been captured to a satisfactory
level, it can be uploaded into the Green Digital ICT Carbon Footprint Visualisation tool available on
the NiCE toolkit.

The data is shared via a simple spreadsheet.

Asset

Number Of Unit

Uptime

Standby

Downtime

Consumption

Co2 Emissions

Total Cost

Example: Standard PC

2921

1670.14|-

7089.86

123.55742

144364.4895

204636.6639

This spreadsheet should be saved in CSV format and uploaded via the online tool (NB: if not saved in
as a .csv file, the spreadsheet will not upload correctly).

ICT Carbon Footprint Tool

1/3
Download Template CSV

To upload an energy snapshot you must first fill out a template .CSV spreadsheet with the latest energy data. This
template .CSV can be opened in a spreadsheet software of your choice.

2/3

Set Options

Adjust the options so that the tosol can correctly process your data.

Snapshot Date : |16/10/2013

3/3
Upload

"File = Export CSV" from your spreadsheet software and upload your .C5V Energy Snapshot.

I Browse... SUBMIT

Figure 6: Green Digital ICT Carbon Footprint visualisation tool — data upload

Once uploaded, the CSV spreadsheet data will be presented in graphical format.
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My Energy Snapshots - Total energy consumption Target Reduction : 30% over 10 years
City
§3010.570
55010.565
65010.564
635010.555
63010.550
172001 172002 172003 1/2004 1/2005 172006 12007 1/ 2008 172009 172010 172011 12012 1/2013
Tuesday, October 15th 2013
Table View Pie Chart View o

rof

Asset G imption (KWh Total Cost {€
eample. 2021 1670.14 = 7080.26 122.55742 144364.4895 204636.6639
Standard PC
m:::.fed 1111 2222 3333 44444 55555 666666 77777
= 9999 5838 7777 6666 5555 4444 3333
item 2
LA:::':EG 5555 4444 6666 3333 7777 2222 9909

Figure 7: Green Digital ICT Carbon Footprint visualisation tool — data visualisation

The tool works best with 2 or more data uploads across time, to show the changing trajectory of ICT
carbon footprint data over time. The tool calculates the % reduction over a 10 year period so cities
can see how well they are progressing towards their target 30% reduction.

This visualisation tool should be returned to again and again by cities. It can be used both for
analysis and as a visual guide for presentations and political engagement.
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Case Study: Linkoping public administration, Sweden

The Green Digital Charter team worked with the ICT Strategy team within Linkoping public
administration in Sweden to develop this ICT Carbon Measurement tool.

Linkoping used the 7 step guide and the spreadsheet provided to capture ICT asset data. This is an
account of their process.

Step 1 — Organisational Scope:

Linkoping already have an asset register in their city so they were able to cover all departments and
organisations that are served by their ICT department in the city and which use the city-wide IP
network.

Step 2 — Define the Assets:

Linkoping were able identify ICT equipment across the different departments including the data centre
itself. Since Linkoping manage ICT for all their schools, this included all PCs, laptops and tablets
used by students and teachers.

Step 3 — Estimate:

Linkoping tried to identify the energy usage of ICT equipment using Symantec utilities but there was a
bug in the software so they needed to try another method. They then looked at open source software
available on the internet, but no tools suited their purposes. They could identify what ICT equipment
was on via their IP network, but they could not work out how long the equipment was on for nor when
it was on standby and when it was off. Eventually they wrote a quick software tool themselves, called
EasyArp (now available as open source software), which uses ARP tables to identify what equipment
is on the IP network. ARP table is read every 30 min and the information stored in a database, on
which they could run queries. Since Linkoping use a strict naming convention for host names, they
were able to identify the type of equipment being used from the ARP tables and cross-reference it
with their asset register. The equipment was grouped into categories rather than by brand/make to
make the counting process faster and easier.

Step 4 — Count / Calculate:

Linkoping used the spreadsheet provided to capture the details of the ICT equipment and their time
on and off. They added rows and columns to improve their calculations as required. While there is
no standardized measure of the actual energy use of ICT equipment, Linkoping identified supplier
estimations of energy use and cross-checked this with their own measurements using physical ‘off the
shelf’ plug in monitors. They identified energy use factors for each category of ICT equipment.

Step 5 — Convert:

Linkoping have energy provision from renewable sources so they identified an energy conversion
factor in discussion with their national energy metrics team. This metric was included in the
spreadsheet to calculate CO2 emissions of the different categories of ICT equipment. The energy
use of the data centre was added in as a final item on the spreadsheet based on its energy usage per
quarter, found in its energy bills.

Step 6 — Summarise

Linkoping came to some interesting conclusions from looking at their data. Compared to a similar
measurement 2008 (Fig 5), they found that their CO2 emissions by 2013 (Fig 6) had dropped even
though the number of ICT assets they owned increased in the same period. They attributed this to
the more efficient ICT equipment, but also questioned the industry estimates on which they had based
their calculations.

Step 7 — Action Plan

Linkoping continue to refine their energy measurement data and are developing action strategies
based on their findings.
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Results from Linkdping 2008
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In 2008 Linkoping made measurements of how many computers was used daily, for how many hours and what their energy consumption was.
The measurement only covered PC's, Thin clients and the Datacentre. it focused on detecting machines that wasn't turned off during night-time. Average numbers for power usage were L
Here we have put the numbers from 2008 into the same reporting format as we use today

Cost and Co2 emmision value from 2008 has been used

Power Annual unit
usage consumptio | Nur
Organisational Scope Operational Scope Time in Use Time on Standby| Switched off [watts} n of |
Detail City Depts. Categorise ICT Assets (hours per year) | (hours per year) | (hours per year) in-use standby |switched off (KWWh)
Device Type
PC & screen 9 hours a day 2034 6726 170 ] 0 346 4
PC & screen 24 hours a day ared 1] 170 1] 1] 1,489 [:
Thin client 9 hours a day 2034 G726 66 [1] 1] 134 1
Thin client 24 hours a day ared 1] 66 1] 1] 578 |
Datacenter a760 a 97,000 1] 0 845720

This spreadsheet is accompanied by a 7 step guide on measuring carbon footprint of ICT in city administrations - accessible here:

Workdays per year 226
hours per day

PC & screens ]

Thin client & screens 9

Datacenter 24

Switched off

= [a

= noen

Figure 7: Linkdping calculation of 2008 ICT carbon footprint measurements
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Fower Total power COz
usage Annual unit | Number | consumption emissions
rganisational Sco) Dperational Scope Time in Use [watts] consumption | of units pa. Total Cost =]
Detail City Diepts Categorize ICT Assets [hours per year] | (hours per year] | (hours per year] in-use standby | switched off [kwh] [kw'h] SEK per kwh [kaCO2e]
j 0338 009
Lvamyls - Sivance | AP L anended frier ST FLRT & EET I & SELET & SRS | £ E AT LA
Lrample - Sivance | £ apior - tyne £ AT ST SHEET & AT & LETET i TERELT | £ A &S
£ - Siramee | Lk - e & ARAEE AR SR S & i ARG AF ARG £ A | AT
Lhample - AT AL scen ot prilnter AT it AT ST P il AR i FLRE] £ A7) S
HF2E70p Ultraportable PC 167014 708986 47 147 117 SE.7ATIES 0.00) - kr -
Portable PC & screen 167014 708986 57 36 4 12265742 2321 JE0911.22 121,987 99 kr 32.482.01
HF3470p Portable Advanced PC 167014 708986 43 145 143 $1.95451358 0.00) - kr =
Portable Workstation PC 167014 708986 49 2.38 174 Q41732164 0.00) - kr -
iMac 167014 708986 114 075 0.75 195.713355 0.00 - kr -
HFE200 PC Standard & screen 1670_14 708986 86 4.2 2.5 161.36663 3429 GE3292.03 18701272 kr 49,796.29
PC Workstation 167014 708986 65 3.12 181 1213917466 0.00) - kr -
lgel D2 Thin client 4520 4240 43 275 0.75 159754 495 97TR2.30) 32.050.42 kr 2.800.41
iPad 04 7856 3 o o 271z 1242.44 453 74 kr 12082
Laser printer colour 1z 86 44 18 0.48 443556 0.0 - kr =
Laser printer biw 226 85 61 28 o1 1387134 1014 1406553 A7 54152 kr 1265898
Printer Simple 1z 86 55 ¥ 0.4 EB.EN2E 01 - kr -
Multifunction Printer 226 85 1] 78 .01 - kr -
¥ideo projector 226 83 ] 01 - kr -
HF L2245wg Eztra screen 227 167014 708986 34 075 0.7 B1.3185606 0.00) - kr =
IP phone 8760 ] n 205 0.00) - kr -
Extra screen 247 167014 708986 47 122 0.82 4. 3102662 0.00] - kr -
Datacenter 60,0001 32448000 kr 86,400.00
Totals] 714.526.40 kr 190,258 51
of ICT in city - ible here:  httpidhugreendigitalchartersudtoolkittoolkit ICTearbonFootprintToolphp

This spreadsheet is accompanied by a T step guide on

workdays per year

PC & sereens

226
hours per day

Thin client & screens 20
Ipad 4
Laser colour 05
Lazer biw 1
Frinter Simple 05
PAultifunction printer 1
Wideo projector 2
IE b 24

ing carbon F

Switched off
16.61
4

20
238
23
238
23
22

Green = measured real energy consumption
‘fellow = exact number based on me asurements

Figure 8: Linkdping calculation of 2013 ICT carbon footprint measurements
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Annex A
List of goods to be considered when assessing the impact of ICT activities in organisations

(This annex forms an integral part of ITU-T L.1420 Recommendation, and has been reproduced from
the ITU-T document)

When emissions due to goods used by the organisation are concerned, the emissions from the
following types of goods may be considered. The following list is not exhaustive and shows typical
examples:

e Desktops;

e Laptops;

e Cathode Ray Tube (CRT) screens;

e Flat screens;

e Individual printers;

e Cables;

e Network printers and copies;

e Servers, switches and routers;

e Fax machines;

e Scanners;

o Fixed phones;

¢ Mobile phones;

e Personal Digital Assistants (PDA) and tablets;

e Projectors;

¢ Videoconference installations;

e Televisions;

e Cooling systems for ICT goods;

e Other small ICT goods;

e Outsourced ICT goods, in particular outsourced datacentres;

e Power supply back-up generators.

It should be noted that these generators systems have to be dedicated to the ICT goods in this list.

Otherwise an allocation approach would need to be used if the generators system is used for more
than the ICT goods. The same remark applied for the cooling systems for ICT good mentioned above.

Page 11

j’cncks andlinks BHMANGHESTER B woome

é ‘[Jl }l\{: Regional Development



, o GREEN 4
NICE CRARTER

-] N:lwvrkirs iﬂlelliscm Cities
== for Energy efficiency

Annex B

EU ENERGY STAR qualified office equipment

EU database description

This EU Energy Star database (www.eu-energystar.org) contains only products that are available in
the EU. It is based on the US EPA database (for products available in the EU) plus products that are
directly registered with the EU, managed by the European Commission. For (legal) disputes the lists of
qualified products downloadable from the above website (for the EC) and from www.energystar.gov
(for the US) are applicable. The database is intended to make the registered products more
accessible.

The database shows energy consumption and main performance data as supplied by the
manufacturers. Pictures (100 x 100 pixels) and brand-specific websites (if available) for the most
recent models of ENERGY STAR qualified equipment are added.

How to Use

e Click on one of the main categories in the right menu or in the dropdown-menu above.

e A selection form for the category will appear, allowing you to select various product features.

e You can also limit your query by choosing product-specific ATTRIBUTES and specific
BRANDS. If none are selected, then all models will be shown. The total number of models in
your selection is indicated in the Results line.

o After pressing the Search Database button a table containing the models in your selection will
appear. The data-rows in this table can be sorted in ascending or descending order on a
maximum parameters in the headers by clicking red (first sort order) and blue (second sort
order) triangular buttons.

e To view Pictures and website-URLs of selected models (only recent EU), use the checkboxes
at the beginning of each row and then click the View button at the top of the first table-column.
You will then see the new table with just the selection and the pictures.

e To return to previous tables use the Back button at the top of the page.

End
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