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1. Introduction

This document is a follow-up to contribution C-7 by Japan entitled “Proposed draft text for Methodology” submitted to the first meeting of the ITU Focus Group on 1–3 September 2008 in Geneva and the kick-off presentation presented at that meeting. It provides details and a concrete method for evaluating the environmental impact of the network infrastructure, especially of wired networks. The purpose of standardizing the evaluation method is to enable users to quantitatively show their contribution when they use ICT so that they can include the contribution in their activities. Standardizing the evaluation method can clarify the contribution of the ICT sector to other sectors. This will make it possible to study specific measures using ICT to combat global warming.

2. Proposal

Japan proposes the draft Base-Line text shown in the Annex of this document.
ANNEX

Basic Evaluation Method for Environmental Impact of Network Infrastructure
A.1 Scope

In recent years, the rapid spread of information and communication technology (ICT), especially the Internet and broadband access, has accelerated the paradigm shift from an industrial society to an information society. ICT has a large influence on the environmental, economic, and social aspects of our lives. Accordingly, increased transparency and objectivity is being sought regarding ICT evaluation. Against this background, the “Guideline for Information and Communication Technology (ICT) Eco-Efficiency Evaluation” (hereafter “the guideline”) was published by “The Japan Forum on Eco-efficiency” in March 2006 (http://www.jemai.or.jp/JEMAI_DYNAMIC/data/current/detailobj-2687-attachment.pdf). The guideline aims to provide an objective and practical tool for evaluating the environmental impact of ICT, which is based upon the life cycle assessment (LCA) that has been standardized in the ISO 14040 series, and for evaluating the eco-efficiency of individuals, businesses, and the whole of society related to ICT.
This document is a draft for standardizing a concrete method of evaluating environmental impact following the guideline for the network infrastructure, especially for wired networks.
A.2 References


The following ITU-T Recommendations and other references contain provisions, which, through reference in this text, constitute provisions of this Recommendation. At the time of publication, the editions indicated were valid. All Recommendations and other references are subject to revision; users of this Recommendation are therefore encouraged to investigate the possibility of applying the most recent edition of the Recommendations and other references listed below. A list of the currently valid ITU-T Recommendations is regularly published. The reference to a document within this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

[1] Final Report on Focus Group on ICT and Climate Change, Volume I, “Definitions”
[2] Final Report on Focus Group on ICT and Climate Change, Volume II, “Gap Analysis”
[3] Final Report on Focus Group on ICT and Climate Change, Volume IV, “Direct and Indirect impact of ITU-T standards”
[4] ISO 14040, “Environmental management – Life cycle assessment – Principles and framework”
[5] ISO 14041, “Environmental management – Life cycle assessment – Goal and scope definition and life cycle inventory analysis”
A.3 Definitions


Terms used in this report are basically defined in [1]. The following terms in this document need to be defined.

(To be added, if necessary)

A.4 Abbreviations

ADSL
Asymmetric digital subscriber line
AP
Application

CO2
Carbon dioxide

DSLAM
Digital subscriber line access multiplexers
DSU
Digital service unit
FTTH
Fibre to the home

ICT
Information and communication technology

IP
Internet protocol

ISDN
Integrated services digital network
LAN
Local area network

LCA
Life cycle assessment
NW
Network

ONU
Optical network unit
PC
Personal computer
A.5 Methodology for assessing environmental impact of network infrastructure

A.5.1
Purpose of targeting network infrastructure in the assessment


As shown in Figure A.5.1-1, ICT is provided on the basis of a hierarchy composed of three layers: AP (application), information sharing platform, and network infrastructure. The “network infrastructure” layer is the foundation necessary for providing ICT and exists as layers in physical form. The “information sharing platform” is the middle layer connecting the network infrastructure and applications, and the “application” layer means individual applications of ICT. The hierarchy shows that the application layer is supported by the lower two layers. Therefore, the environmental impact of the network infrastructure should be included in the environmental impact evaluation of ICT.
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Figure A.5.1-1
Hierarchical layers of ICT.
A.5.2
Evaluation methods for network infrastructure
A process-sum method (bottom-up approach) is appropriate for the evaluation of the environmental impact of the network infrastructure. If a process-sum assessment is not available, then macro-statistical estimation based on various kinds of data is also applicable, e.g., for the environmental impact per unit amount of information.
A.5.2.1
Functional unit for network infrastructure evaluation
It is necessary to set up a functional unit for the assessment of the environmental impact of the network infrastructure. This functional unit should be set up on the basis of the following method, matching the functional unit for the assessment of the environmental impact of ICT.

(A) Firstly, the functional unit is established for the environmental impact assessment of the network infrastructure, and the environmental impact per unit is estimated. (e.g., annual environmental impact (LNW) per phone line) Incidentally, the life cycle of the network infrastructure cannot be generalized with terms such as “from cradle to grave”, because the infrastructure has been developed in various forms since the first ICT network was established. Consequently, each communication facility composing the network infrastructure necessary for providing ICT is regarded as a system, which is the target of the environmental impact assessment. The total environmental impact of each facility is divided by its actual life time or its legal life years, in order to calculate the environmental impact per year.

(B) The environmental impact of the network infrastructure is presented in the functional unit for the environmental impact assessment of ICT. (If the ICT requires 2 lines, for example, its environmental impact per year is LNW×2.)
A.5.2.2
Life cycle stages of network infrastructure
There are five life cycle stages: production, installation, use, removal, and disposal/recycling.
A.5.2.3
Grouping of network infrastructure and basic rules for the addition of environmental impacts
The network infrastructure, especially the wired network infrastructure, is at present grouped into (a) the wired network, (b) IP network, and (c) mobile network. Each network consists of subscriber stations (e.g., terminal equipment, terminating equipment, and protectors), access facilities (e.g., telephone poles, conduits, changers, local switches, and base stations), and transfer facility (e.g., routers and transmitters).

A typical example of communication equipment used in the wired network infrastructure is shown in Figure A.5.2-2. In the evaluation of the network infrastructure, the environmental impact per year in terms of total equipment (including (a), (b), and (c)), which is used for the assessed ICT, was calculated by the method shown in A.5.2.1).
[image: image2.wmf]Subscriber station

Access network equipment

Transfer facility

Telephone

pole

Conduit

Cable

Protector

T

erminating 

set 

Terminal

equipment

Local modem

Router

Subscriber station

Access network equipment

Transfer facility

Telephone

pole

Conduit

Cable

Protector

T

erminating 

set 

Terminal

equipment

Local modem

Router


Figure A.5.2-2
Example of communication facilities making up the network infrastructure.
A.5.2.4
Allocation method

As shown in Figure A.5.2-3, various types of applications are used for operating ICT. For calculating the environmental impact of each application, the assessment target should be allocated among all the applications used in the network infrastructure, although the total number and scale cannot be specified. The environmental impact of the network infrastructure used for operating ICT is, instead, estimated as follows: calculate the environmental impact per unit (e.g., communication time or amount of information) of the infrastructure and then multiply the functional unit by the unit quantity used for operating ICT.
[image: image3.wmf]AP

AP

・・・

AP

Information sharing platform

Network infrastructure

AP

AP

・・・

AP

Information sharing platform

Network infrastructure


Figure A.5.2-3
Functional structure of AP.

(A) Information network systems are grouped into two types: line communication and packet-switching. The former type is assessed per communication time and the latter per amount of information.
(B) Regarding subscriber stations (cf. Figure 2.3.2-2) used for operating ICT, the environmental impact of the equipment is estimated based on its usage situation, and the allotment for ICT is calculated based on the communication time or amount of information used.
NOTE:
Example equation for calculating the environmental impact of subscriber stations [terminal devices]

The following shows the estimation of environmental impact of PCs, included in subscriber stations when the environmental impact item is CO2 emissions.

[Annual environmental impact per PC [kg-CO2/(unit･year)] x [Number of used units (unit)] x [Operating hours for the ICT service (hours/service)] x [Frequency of use of the ICT service (times/year)] ] / [Total operation time of the PC (hours/year)] 

(C) For the assessment of access equipment, a fixed unit (e.g., environmental impact per subscriber) is applied regardless of its usage situation, as the subscribers always occupy the equipment whether or not they are using it. When the equipment is used for several purposes, the allotment of environmental impact for the target ICT is calculated.

(D) Unlike access equipment, the transfer facility (cf. Figure 2.3.2-2) is occupied only when used. Therefore, the environmental impact for operating ICT is allotted among the environmental impact of the equipment corresponding with the usage time or amount of information.

(E) For the evaluation of environmental impact of terminal equipment, the equipment’s operating rate corresponding to the traffic situation can be taken into account.
A.5.3
Example evaluation methods for network infrastructure

Life cycle assessment of the IP-based (Internet-protocol-based) Internet connection services in Japan is described as an example based on the above methods.

A.5.3.1
Objectives and targets of evaluations

The main objective of the evaluations is to provide customers with environmental information when they choose broadband Internet connection services. These services are a set of the IP-based Internet connection services with flat-rate monthly charges provided by Nippon Telegraph and Telephone East Corporation (NTT East) and Nippon Telegraph and Telephone West Corporation (NTT West) in Japan. There are three kinds: integrated services digital network (ISDN), asymmetric digital subscriber line (ADSL), and fibre to the home (FTTH), which are the targets of the evaluations.
A.5.3.2
Functional unit
As the evaluation unit, the volume of information transferred is used because these services are packet data exchange systems. The functional unit is defined as “A customer uses the IP-based Internet connection service to access the Internet for two hours and transmits/receives 50 MB of data each day throughout a year”.
A.5.3.3
System boundary
As shown by the evaluation model in Figure A.5.3-1, the evaluation targets include equipment and devices used in providing the services. This model is established based on actual network facilities in the Tokyo metropolitan region. Specifically, three classes of equipment are evaluated: 

· Subscriber station: The evaluation targets include a personal computer (PC), digital service unit (DSU), ADSL modem, and optical network unit (ONU). It is assumed that each subscriber uses a PC for two hours a day according to the definition of functional unit and that the DSU, ADSL modem, and ONU are on (either fully powered or in standby mode) 24 hours a day.

· Access network equipment: The evaluation targets include the metallic cables, optical cables, telephone poles, manholes, conduits, subscriber modules, digital subscriber line access multiplexers (DSLAMs), and optical line terminals (OLTs). The environmental impact of facilities is allocated according to the number of subscribers accommodated by each facility and the constant environmental impact is then evaluated from the access network equipment in one year per subscriber regardless of the usage state.

· Transfer facility: The evaluation targets include the optical terminating equipment for users, local area network (LAN) switches, routers, power/air-conditioning facilities, and communication buildings. The evaluation determines the environmental impact in one year per subscriber communicating 50 MB of data per day according to the functional unit.

Equipment used for maintenance and user management is not included because its environmental impact per subscriber is very small.

The assessed life cycle stages include production (including construction), use, and disposal/recycling (including removal of facilities) in the life cycle of each facility.
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Figure A.5.3-1
Evaluation model for IP-based Internet connection services.

A.5.3.4
Evaluation procedure

The environmental impact is evaluated by the process sum method (bottom-up approach) referring to generic data (reference unit) about materials composing the ICT devices and about facilities composing the network infrastructure.
A.5.3.5
Results 
The results of our environmental impact evaluation of CO2 emissions and energy consumption from the targeted services based on LCA are shown in Figures A.5.3-2 and A.5.3-3, respectively. “Recovery by recycling” means the indirect effect of recycling on reducing the environmental impact in the society: it is indicated as a negative quantity in the evaluation. When the metal in a product is recycled as pig iron, for example, the environmental impact of the recycling is added as a negative number to the “disposal/recycling” stage, while the environmental impact of lower production of pig iron, which is the product of the weight of pig iron obtained from recycling multiplied by the generic data (reference unit) for pig iron in production, is expressed as a negative number in the “recovery by recycling” stage.

The results of environmental impact evaluation for the targeted services indicate the following.

· CO2 emissions and energy consumption for the ISDN Internet connection service throughout its life cycle are approximately 83 kg-CO2/year/subscriber and 0.86 GJ/year/subscriber (including the volume for recovery by recycling), respectively. The breakdowns of CO2 emissions and energy consumption for this service show that approximately 22% and 36% of the total environmental impact occurred in the production stage, approximately 76% and 67% in the use stage, and about 2% and 1% in the disposal/recycling stage, respectively.

· The CO2 emissions and energy consumption for the ADSL Internet connection service throughout its life cycle are approximately 107 kg-CO2 /year/subscriber and 1.06 GJ/year/subscriber (including the volume for recovery by recycling), respectively. The breakdowns of CO2 emissions and energy consumption from this service show that approximately 18% and 30% of the total environmental impact occurred in the production stage, approximately 80% and 72% in the use stage, and about 2% and 1% in the disposal/recycling stage, respectively.

· The CO2 emissions and energy consumption for the FTTH Internet connection service throughout its life cycle were approximately 57 kg-CO2/year/subscriber and 0.66 GJ/year/subscriber (including the volume for recovery by recycling), respectively. The breakdowns of CO2 emissions and energy consumption from this service show that approximately 33% and 50% of the total environmental impact occurred in the production stage, approximately 63% and 52% in the use stage, and about 4% and 2% in the disposal/recycling stage, respectively.
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Figure A.5.3-2
Results of environmental impact evaluation for IP-based Internet connection services (CO2 emissions).
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Figure A.5.3-3
Results of environmental impact evaluation for IP-based Internet connection services (energy consumption).
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