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Draft text of deliverable 4:
Direct and indirect impact (on energy) of ITU-T standards
1 Scope
Deliverable 4 develops tools (e.g. Checklists) and guidelines to allow ITU-T SGs to evaluate, for each Question, the possible future CO2E (carbon dioxide equivalent) reduction of technologies in terms of direct emissions from ICTs and possible savings in terms of Climate Change mitigation from the use of ICTs.
The scope of this deliverable includes:

· General checklists for an eco-friendly guidance of ICT systems and services

· Examples of networks and systems, which influence climate change in the ICT field

· ITU-T standards that have a positive impact on mitigation of climate change. 

It is noted that the list of technologies and ITU-T standards introduced in this section do not limit the possible and potential ICT technologies and ITU-T standards to impact climate change.
2 References

[ITU-T Y.2001]
ITU-T Recommendation Y.2001 (2004), General overview of NGN
[ITU-T Y.2201]
ITU-T Recommendation Y.2201 (2006), NGN Release 1 Requirements
[ITU-T Y.2011]
ITU-T Recommendation Y.2011 (2004), General principles and general reference model for Next Generation Network
[ITU-T Y.2012]
ITU-T Recommendation Y.2012 (2006), Functional requirements and architecture of the NGN
[ITU-T Y.2213] 
NGN service requirements and capabilities for network aspects of applications and services using tag-based identification
3 Terms and Definition

This deliverable follows Terms and Definition in Deliverable 1 from FG ICT&CC.
4 Abbreviations

This draft defines or uses the following terms:

AMI
Advance Metering Infrastructure

AMR
Automated Meter Reading

CAPEX
CAPital EXpenditure

CDMA
Code Division Multiple Access

DSL
Digital Subscriber Line
EMD
Energy Monitoring Device
ETSI
European Telecommunications Standards Institute

GeSI 
Global e-Sustainability Initiative
GHG
Green House Gas

GPON
Gigabit Passive Optical Network

HAN
Home Area Network

ICT
Information and Communications Technology
IDC
Internet Data Center

ITS
Intelligent Transport System
NGN
Next Generation Network

OAM
Operations, Administration and Maintenance

OpenHAN
Open Home Area Network

OPEX
Operating Expence

PKI
Public Key Infrastructure
POTS
Plain Old Telephone Service
RFID
Radio Frequency IDenditification

SES
Smart Energy System
USN 
Ubiquitous Sensor Networks
VDSL
Very high-data rate Digital Subscriber Line 
WSN
Wireless Sensor Networks 
5  Checklist

Information and Communications Technology (ICT) is an indispensable infrastructure that can dramatically improve the efficiency of economic activities such as production, distribution and consumption, and government administration. It also helps in creating a society in which information is always and everywhere accessible to all people. Having accessibility to information as an integral part in our daily lives will play a significant role in reducing our environmental burden, or the negative impacts our activities have on the environment.

On the other hand, it has been pointed out that the increased use and technological improvements of ICT devices will increase power consumption. This will potentially emit more greenhouse gases, carbon dioxide (CO2), and create a greater environmental burden. 

The Focus Group has thus developed checklists below for corporations and organizations that use ICT systems with the aim of providing advice to help limit the negative and enhance the positive impacts on the environment when ICT systems are introduced, operated, and disposed. 
5.1 Checklists for adopting eco-friendly ICT framework

Table 5-1 can be used to assess the negative and positive environmental impacts of a proposed ICT system. Table 5-2 shows examples of how to verify the environmental burden by comparing an estimated consumption/ performance value of a system before its introduction with a value after its implementation. This helps to determine the most effective framework in terms of environmental sustainability.
Additionally, after implementing a new ICT system, the environmental impact values can be compared to the values of the previous system. This helps develop effective measures to maintain ICT systems in an environmentally sustainable manner.
Table 5-1 Environmental checklist for introducing a new ICT framework
	Objective 
	Check item 
	Description 

	Adopting an eco-friendly ICT framework
	Will introduction of the ICT system reduce use of office consumables (e.g., paper)? 
	Reduced use of consumables leads to reduced CO2 emissions and waste production from production or disposal of office consumables.

	
	Will introduction of the ICT system improve power and energy efficiency?
	Improved efficiency and reduced consumption of power and/or energy leads to a reduction in CO2 emissions from power generation and transmission. 

	
	Will introduction of the ICT system reduce the movement of people?
	When the movement of people is reduced, energy consumption from commuting and the attendant CO2 emissions can be reduced. 

	
	Will introduction of the ICT system reduce the movement of goods? 
	When the movement of goods is reduced, energy consumption for transport and the attendant CO2 emissions can be reduced.

	
	Will introduction of the ICT system make the use of office space more efficient?
	Effective use of office space leads to a reduction in electricity consumption for lighting and air-conditioning and the attendant CO2 emissions. 

	
	Will introduction of the ICT system reduce the space needed to store goods? 
	When storage space is reduced, power consumption for lighting and air-conditioning and the attendant CO2 emissions can be reduced.

	
	Will introduction of the ICT system improve the operational efficiency? 
	A streamlined operation leads to a reduction in resource and energy consumption and the attendant CO2 emissions.

	
	Will introduction of the ICT system reduce waste production? 
	Reduction in waste production contributes to environmental conservation and reduces the energy consumption required for waste disposal as well as the attendant CO2 emissions.


Table 5-2 Example of how to check environmental burden
	Environmental burden
	Before system introduction
	After system introduction (forecast)

	Paper consumption
	_ sheets/year
	_ sheets/year

	Electricity consumption of ICT devices
	_ kWh/year
	_ kWh/year

	Movement of people
	_-number of people in a private car, _km/year
	_-number of people in a private car, _ km/year

	Movement of goods
	_-ton truck, _km/year
	_-ton truck, _km/year

	Storage space
	_ m2
	_ m2


5.2 
Checklists for choosing eco-friendly ICT devices
Electrical power consumption of ICT devices is the biggest environmental burden in the overall life cycle of ICT systems. One of the ways to reduce electrical power consumption is to purchase ICT devices with energy-saving features. 

There are other critical factors when purchasing ICT systems such as, whether the device contains substances that have adverse effects on human health, and whether it is designed to have a smaller environmental impact at all stages of its life cycle; from raw material extraction through disposal. Table 5-3 below lists key factors to consider when choosing an eco-friendly ICT device.
Table 5-3 Environmental checklist for choosing an ICT device
	Objective 
	Check item 
	Description 

	Choosing an eco-friendly ICT device
	Is the ICT device designed not to use or emit substances that have an adverse effect on the environment or human health? 
	Reduction in the use or emission of substances harmful to the human body or the environment contributes to the protection of human health and the environment. 

	
	Does the ICT device consume less resources and energy during the production and distribution processes and during its use? 
	Reduction in resource and energy consumption over the entire life cycle of the product contributes to a reduction in CO2 emissions. 

	
	Does the ICT device use renewable natural resources?
	When natural resources are used in a sustainable manner (e.g., forest resources), the environmental burden is reduced. 

	
	Can the ICT device be used for a long period of time?
	Use of the ICT device over a long period of time reduces the environmental burden of production and disposal.

	
	Is the ICT device, including its components, designed for reuse? Is there a framework in place for collection after final use?
	Reuse of the ICT device reduces the environmental burden of production and disposal.

	
	Is the ICT device made from materials that can be easily recycled? Is it designed for easy disassembly and separation per material type? Is there a framework in place for collection after final use?
	If components that are not reusable can be separated and recycled, the environmental burden of production and disposal can be reduced.

	
	Is the ICT device designed for easy separation and collection of materials, and separation and removal of harmful substances upon its disposal?
	If an ICT device is designed to have less environmental impact when it is disposed of or recycled, it has less environmental impact over its life cycle.

	
	Have the designer, manufacturer and distributor of the ICT device been committed to environmental sustainability?
	If you choose ICT providers who are committed to environmental sustainability, you can reduce the environmental burden over the life cycle of the device. 


NOTE: Several comprehensive registration/certification systems exist at present which assess multiple electronic products on a basis similar to the one described in this checklist: EPEAT, TCO, Blue Angel, Nordic Swan, EcoLeaf (Japan), KEMCO (Korea, Republic of) and ECMA/IT ECO among other schemes, evaluate numerous types of ICT-related products based on a lifecycle approach that includes most or all of the areas identified here.
5.3 Checklists for adopting eco-friendly ICT providers

In order to limit the negative environmental impacts and enhance the positive impacts of ICT systems at all stages of its life cycle, it is important to take into account the environmental burden imposed by the providers of ICT devices and services. Environmental awareness can be raised by choosing products and services based on the environmental impact of ICT providers. Another way is to encourage ICT manufacturers to take initiatives to reduce the environmental impacts caused by the production processes of ICT devices and/or services. In choosing an ICT provider, you should consider the factors listed in Table 5-4.

Table 5-4 Environmental checklist for adopting an ICT provider
	Objective 
	Check item 
	Description 

	Choosing an eco-friendly ICT provider
	Does the ICT provider have an internal framework in place for environmental activities (e.g., an environmental management system)? 
	If a framework for environmental activities is in place, the provider can continue to carry out eco-friendly business activities. 

	
	Has the ICT provider been carrying out environmental activities, such as conservation of resources and energy, management and reduction of harmful substances, green purchasing and waste reduction?
	It is crucial to assess specific environmental activities or achievements of the ICT provider. 

	
	Is the ICT provider proactively disclosing plans and achievements in regard to its environmental initiatives, or environmental information about its products or services? 
	It is important to assess whether the provider has actively disclosed environmental information through a variety of media, including product catalogs, web sites and environmental reports, and whether the provider has been making efforts to provide this information to purchasers.


5.4 Checklists for using ICT systems in an eco-friendly way

ICT systems should be periodically monitored to verify their environmental impact values are still within specification By keeping track of specific impacts assessed before introducing an ICT system (see Table 5-1), improvements to limit the environmental impact can be developed when the system is operational (see Table 5-5), Consumption of consumable by ICT devices such as paper or electrical power can largely depends on how an ICT system is used. Regular monitoring of consumables and comparing the monitored values with the estimated values recorded before the system was implemented can provide a way to verify the system’s environmental impact. (See Table 5-6)
Table 5-5 Environmental checklist for ICT systems
	Objective 
	Check item 
	Description 

	Using an ICT system in an eco-friendly way
	Has the ICT system contributed to reducing use of office consumables (e.g., paper)? 
	It is helpful to compare the current consumption against the forecasts made before the introduction of the ICT system. 

	
	Has the ICT system actually contributed to a reduction in electricity or energy consumption?
	It is helpful to compare the current electricity and energy consumption against the values before the introduction of the ICT system. 

	
	Has the ICT system actually contributed to a reduction in the movement of people?
	It is helpful to compare the current movement of people against the value before the introduction of the ICT system.

	
	Has the ICT system actually contributed to a reduction in the movement of goods?
	It is helpful to compare the current movement of goods against the value before the introduction of the ICT system.

	
	Has the ICT system actually contributed to effective use of your office space?
	It is helpful to compare the current use of office space against the use of space before the introduction of the ICT system.

	
	Has the ICT system actually contributed to a reduction in storage space for goods?
	It is helpful to compare the current storage space against the space used before the introduction of the ICT system. 

	
	Has the ICT system actually contributed to an improvement in operational efficiency? 
	It is helpful to compare the current operational efficiency (e.g., productivity) against the value before the introduction of the ICT system. 

	
	Has the ICT system actually contributed to a reduction in waste production?
	It is helpful to compare the current waste production against the value before the introduction of the ICT system. 


Table 5-6 Example of monitoring the environmental burden of the ICT system
	Environmental burden
	Before system introduction
	After system introduction (forecast)
	After system introduction
(actual results)

	Paper consumption
	_ sheets/year
	_ sheets/year
	_ sheets/year

	Power consumption of ICT devices
	_ kWh/year
	_ kWh/year
	_ kWh/year

	Movement of people
	_-number of people in a private car,
_ km/year
	_- number of people in a private car,
_ km/year
	_- number of people in a private car,
_ km/year

	Movement of goods
	_-ton truck, km/year
	_-ton truck, _ km/year
	_-ton truck, _ km/year

	Storage space
	_ m2
	_ m2
	_ m2


5.5 Checklists for disposing and recycling of ICT systems in an eco-friendly way

It is crucial to reduce the environmental burden affected by disposing of or recycling ICT devices. Donating ICT devices for reuse should be considered before disposal. To reduce the environmental impact from disposing or recycling ICT equipment, various organizations committed to sustaining the environment are interested in receiving equipment that they can either reuse or resell.
Table 5-7 Environmental checklist for disposing of and recycling ICT systems 

	Objective
	Check item 
	Description

	Disposing of or recycling an ICT device in an eco-friendly way
	Have you considered re-using the ICT device? 
	Using devices for a long period of time reduces their environmental impact, such as CO2 emissions, of production and disposal of the devices.

	
	Are you using an eco-friendly company to dispose of or recycle ICT devices? 
	Choosing an eco-friendly company may reduce the environmental impact of the process of disposal or recycling.

	
	Does your dispose/recycle company trace equipment forwarded to other companies right to the place where the equipment finally is dismantled?
	A tracing routine could reduce the fast growing problem of equipment ending up in developing countries where the equipment is dismantled by people having no idea about materials being dangerous for their health and/or the local environment. If this problem is allowed to grow instead of being addressed now, the entire recycling system will suffer significantly more from this later on.


6  Networks and Systems influencing climate change
The world is faced with the challenging perspective of how to reduce CO2 emissions. The many benefits of ICTs include not only the technologies that influence and transform the way society functions but also the role ICTs serve in reducing CO2 emissions and saving energy.  Although ICT networks and systems emit CO2, they can also reduce direct CO2 output and have the additional capability of enabling other sectors of society to reduce their carbon footprint. This section describes networks and systems which have impact on climate change. 
6.1 Fixed vs. wireless/mobile networks
To understand efficient energy consumption, it is necessary to take into account the efficiencies of wireless switching and transmission equipment. Continuous technological evolution of physical networks, equipment, and methods of operation will in time emit less CO2 and provide higher capacity. This section discusses the benefits of FTTH and also the impact mobile and wireless networks have on the environment.

6.1.1 Fixed networks can improve mitigation in ways mobiles cannot
While cellular mobile networks play a key role in our society, in particular towards reducing energy consumption in other industry sectors, there are areas where fixed networks are more efficient. According to a recently published report by GeSi, ICT can mitigate by 2020 its own emissions more than fivefold by savings in other sectors applying ICT. Only a part of the applications require mobile technology. Many applications depend however on the availability of energy efficient broadband access. Wireless solutions allow a rapid and efficient deployment in areas where no infrastructure exists. With growing demand on data rates, such as in more densely populated areas, the typically lower data rates of wireless networks pose an effective limit. Copper based networks have been around thirty times faster than cellular networks (Figure 6.1-1) and fiber networks increase the gap further.
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Figure 6.1-1. Development of data rates for fixed and wireless technologies

Both, copper and wireless face a common challenge of reducing range at higher data rates. Active repeaters and denser cell deployment are required for higher data rates, resulting in increased power consumption. With the introduction of fiber technology fixed networks gained additional speed and increased range while at the same time reducing power consumption. The relative high CAPEX of deploying fiber has so far limited its deployment, but the demand for FTTH is obviously growing. The energy efficiency improvement of fiber networks compared to copper networks is tremendous, as shown in Figure 6.1-2.
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Figure 6.1-2 Energy comparison of copper vs. fiber networks

Despite tremendous efficiency improvements of cellular base stations, there is no similar change of the underlying physical effects available in wireless, like the transition from copper to fiber in fixed networks.

A direct comparison of the power consumption of fixed and mobile networks is pretty difficult, as the applications and usage behavior are different. Also the corresponding mitigation effects are difficult to estimate, as they depend heavily on the user behavior. The above mentioned GeSi study is only a starting point for potential mitigation effects.

6.1.2 Spectrum usage and energy efficiency 
High data rates require wide bandwidths as spectral efficiency and energy efficiency of wireless systems are partly contradicting requirements. As the available bandwidths increases on higher frequencies, newer radio systems where introduced at increasingly higher frequency bands. 
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Figure 6.1- 3 Trend to assign wireless spectrum at increasing frequencies

The recent transition from analog to digital TV freed for the first time in decades some amount of spectrum in the VHF band. While the bandwidth is still relative limited, the low frequencies allow a considerable wider coverage with the same amount of power. Also penetration through walls and vegetation is higher at lower frequencies, further improving energy efficiency of in-building coverage. While low frequency bands are no solution in capacity limited areas, especially rural areas in developed countries but also large areas in developing countries with yet very low mobile phone penetration could be covered with considerably fewer base stations and therefore with much less power consumption. 

With only capacity and data rate increase in mind, lower spectrum wasn’t high on the cellular agenda. However, the growing demand for improved energy efficiency of not only single network elements (like BTS), but for the total network, the usage and availability of a sufficiently wide spectrum at low frequencies has to be reconsidered for cellular networks.

6.1.3 A case study of power consumption among different FTTx architecture

The following case study aims at highlighting the gap in terms of power consumption among different FTTx architectures, taking into account a “Total Replacement” option, which means the migration towards specific FTTx solution of every customer connected to the Central Office, cutting at the same time the old POTS network (no overlay of two parallel networks).

NOTE: current power consumption values for GPON and VDSL2 are used

[image: image4.emf]
Figure 6.1- 4 A case study of power consumption from different FTTx architecture
[image: image5.emf]
Figure 6.1- 5 A case study results from different FTTx architecture
As shown in the chart above, the FTTH architecture is by far the most energy efficient architecture from an Operator’s point of view.
On the other hand, if we take into account the power consumption at the customer side, we discover different results. To this end, three different values of unit power consumption for home gateway central functions plus WAN interface have been considered, respectively for ADSL2^, VDSL2 and GPON. In particular, the values are the one inserted in the last version of the EU Code of Conduct for Broadband Equipment (V3, tier 2009/2010), increased by 20% in order to consider the real values currently measured. Therefore, the input numbers are: 6W for ADSL2+, 9W for VDSL2 and 11, 64 for GPON. The following chart reports new results, this time related to the whole system (network and user side).
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Figure 6.1- 6 A case study results of customer side by different FTTx architecture
As visible, the total energy consumption (network plus user side) of each TO-BE scenario FTTx is much greater than the one related to the AS-IS scenario. To this end, a strong attention about the power consumption of Home Gateways, CPE and ONT must be paid.

6.1.4 A use-case of CDMA

This section does not address the impact of CDMA, but is presented here to show an example of how one of the mobile networks is used to improve eco-friendly observation on marine environment. 

The Figure 6.1-7 shows a monitoring system in the sea, land, and connected to the ships using CDMA network. It is able to collect the marine information. The gathered data is sent in real time through CDMA network (800MHz) by locating marine observation sensors in the seabed.

This monitoring system shows that the sensed information such as water direction/velocity/temperature and wave height is delivered in real time by CDMA. The collected information is provided to corresponding institutions and persons with credibility. This application is shown as an example of saving energy in monitoring marine environment without human and vehicles.
 
[image: image7]
Figure 6.1-7 Marine observation service by CDMA and Sensor Networks 
6.2 Data center

Responding to the various sophisticated requirements of information systems, data centers are being installed in line with the spread of broadband access. It is generally considered that data centers improve the efficiency of energy and resource consumption by consolidating distributed servers and sharing the use of facilities. However, concerns have been raised that the rising number of servers required to process the growing amount of information will increase the power consumption. Against this backdrop, data center operators need to look at how to reduce CO2 emissions by the environmentally sound operation of data centers.
6.2.1 Energy consumption at IDC

This section shows typical energy consumption at an Internet Data Center (IDC). The major energy consumers in a typical data center are as follows:

· Computer Room Air-conditioning 50%

· Server/Storage 26%

· Conversion 11%

· Network 10%

· Lighting 3% 
6.2.2 Green Internet Data Center

This section explains possible ways of reducing energy consumption in a data center by green technologies such as low-power server platform, green OS, energy aware platform, etc. 
· Reduce the energy consumption at IT service : low-power computing

· Enhance the energy efficiency

· Low-power computing system 

· Service

· Green-service infra for low-power cloud computing

· Green IDC platform based on the highly-integrated blade system and dynamic power management system

· High-efficiency Power Supply Unit, Green OS, Green-PC, Green-mobile system 

· Key Technology

· Low-power server platform, green OS, Energy-aware virtual platform, Green-grid middleware, Autonomous system management, Dynamic Smart Cooling 
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Figure 6.2-1 Green IDC
The Code of Conduct on Data Center (V1) that has recently been released by the European Commission clearly indicates Metrics and Best Practices in order to push for an earlier implementation of Energy Efficient Data Centers.
Source: http://re.jrc.ec.europa.eu/energyefficiency/html/standby_initiative_data%20centers.htm
6.2.3 Natural Cooling System

(1) Cooling by Winter-air
It is estimated that next-generation communication systems will increase CO2 emission due to energy consumption of ICT equipment. It is therefore necessary to maintain an energy efficient base station by operating an effective cooling system.

SKT, a telecom company in South Korea has installed energy-saving facilities by installing electric power savers for its base station. This improved the base station’s power output, reduced the harmonic waves, and prevented the generation of harmful electromagnetic waves. The collective base station efficiencies saved more than 10% of energy.

The base station is cooled using natural cold air during the winter season which reduces the need for air conditioners.   As a result, this energy efficient cooling system saved more than 15% of energy.

Other energy saving technologies are also considered such as solar powered light, high efficiency light equipment, high efficiency inverter (pump/power supply system), and automatic light/power control system are also considered for the base station.

[image: image9]
Figure 6.2-2 Power Server System at the base station

[image: image10]
Figure 6.2-3 Cooling system by natural air
(2) Fresh air cooling at Swisscom

A new method for cooling telecom equipment based on the use of fresh air year-round (no chillers) was developed in 2005 at Swisscom. Simulations and trial results have shown that using fresh air to cool the network equipment is feasible. The rollout of this method for equipment of fixed network has been launched at End 2005. Today, more than 120 sites are already equipped with this method. 
The proposed cooling system basically consists of two single-stage exhaust fans located at the top of the room (see Figure 6.2-4). Each fan provides 50% of the rated air flow volume. Should one fan fail, more than half of the cooling power would still be available (over 50% redundancy). If lower system availability is required e.g. at sites with low thermal load, only one fan providing 100% of the rated air flow volume can be used. The first fan is switched on at 24 °C and switched off at 22 °C; the second one at 26 °C and 24 °C, respectively. We are now introducing exhaust fans with variable speeds and, if possible, with electronically commuted fan motors. The rated air flow volume is set to 0.1m3/s per 1 kW of required cooling power. Rigid or flexible air ducts are mounted above the cabinets so that the exhaust air from the cabinets is directly driven towards the exhaust aperture (hot spot exhaust). Outside air is supplied to the room through an aperture in the outdoor facade. 

Figure 6.2-4 Fresh-air-only cooling arrangement at a pilot site in Bern 

This new method results in capital costs reduction of a factor 3 to 4. According to trial results, a coefficient of performance (COP: ratio of the effective cooling power to the power needs of the cooling system) of more than 20 can be reached using fresh-air-only cooling. A reduction in the energy needed for cooling of 45 GWh per year is expected after full implementation. 

Last year, Swisscom also investigated the successful implementation of this cooling method at mobile network sites . Today, more than 30 BTS are already equipped with this cooling solution. Another environmental advantage of fresh-air-only cooling (no chillers) is that global warming contributors such as refrigerants are eliminated.

(3) Fresh air cooling at BT

BT worked with its equipment manufacturers to develop a new cooling system specifically for full operational performance over a wide temperature limit. The key features of the system are the complete absence of any refrigerant and its very low energy consumption.
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Figure 6.2-5 3stage fresh air cooling unit 

BT’s Network team worked closely with suppliers to ensure that standards established by the European Telecommunications Standard Institute (ETSI), ,allowing for room temperature fluctuations between -5 and 45°C, were met.  This was so successful that the team witnessed a telephone exchange working at room temperatures in excess of 70°C!

The biggest problem from an engineering perspective is to distribute the air evenly around the room so that no hot spots occur. The need to switch off air fans in stages to keep energy consumption within target precluded the use of the traditional ventilated ceiling and ductwork for air distribution. The solution was found with the aid of Computational Fluid Dynamics (CFD) modeling software.
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Figure 6.2-6 Fresh air modeling result 

A computer model of each exchange room, including such details as equipment suites and their heat dissipation, cooling units, pillars and other obstructions enabled the team to predict the precise movement of cooling air in terms of temperature, speed and direction. The model showed that careful positioning of the equipment and cooling units ensures that the installation will stay within the temperature limits required by ETSI.

The solution has lived up to expectations. The energy consumption of the cooling system has been reduced by halve compared with previous systems, as has the capital cost. The electrical running cost of BT’s 3-Fan Fresh air cooling unit giving a nominal 15kW of cooling is £300.00 per year.  

Wherever possible, BT now uses fresh air to cool their telecommunications equipment, including their new 21st Century network. All new cooling units use an ozone-friendly, chlorine-free refrigerant gas, R407C and are hermetically sealed to prevent leaks. 

(4) Fresh Air Cooling at Orange FT

According to ETSI environment standards, telecommunication equipments can work in a wide range of temperature and humidity and Orange FT is one of a growing number of Telecommunications operators who are increasingly interested in reducing the damage on the environment that cooling causes as well as improving economical methods for cooling switching rooms. Therefore, Orange FT developed a new concept that fits ETSI climatic conditions without the use of any cooling unit. This concept is based on the simple use of the external air. 

The maintenance of the environmental climatic conditions inside the temperature and humidity range defined by the ETSI is carried out by a mixing of the hot air from the switching room with fresh air taken from outside. The mixed air is then injected into the switching room by a system of ventilation and filtration. It is then diffused through perforated flagstones laid out on the false floor. This "fresh" air passes normally in the telecommunication racks. The hot air issuing from the racks is evacuated preferably by a hanging ceiling provided with perforated flagstones or by a network of sheath. A part of this air is directly rejected outside while the other part is recycled and mixed with new air before being injected again in the room.
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Figure 6.2-7 Principle of Fresh air cooler
A computer model of each exchange room is used to predict the precise movement of cooling air in terms of temperature, speed and direction. Careful positioning of the equipment and cooling units ensures that the installation will stay within the temperature limits required by ETSI.
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Figure 6.2-8 Studies of Fresh air cooler
To evaluate the energy savings, we introduced an "energy coefficient," which is the energy consumption ratio between the air cooling system and the telecommunication equipment. A typical ratio is about 0.35 for a good classical cooling installation. The power consumption of the air cooling system previously described is reduced by a factor, of 10 compared to a traditional air-conditioning system.

(5) Free cooling in FTTCab architectures for Telecom Italia

At present, high power consumption of traditional active cooling systems (i.e. air conditioners or heat exchangers) for outdoor cabinets is one the most critical issues for Telecom Operators, considering that it has an impact on both CAPEX (because systems are expensive) and OPEX (because the energy cost is growing every year). Moreover, excessive noise level can be unacceptable to residents and regional laws. These issues are as critical as the increased deployment of FTTCab architecture, anticipated in several NGN strategies, over the coming years. Hence the need to develop new higher efficiency cooling systems is necessary for equipment providers. The subsequent text describes examples of a free cooling system for outdoor cabinet, which uses fresh air to decrease the equipments’ inlet air temperature. This solution has a much higher efficiency ratio, enabling direct external air flow and reducing thermal stress to the equipment. In particular, three main techniques are developed in order to limit dust and humidity from entering into outdoor cabinet, consequently preventing equipment corrosion. First, a maze structure of air intake duct is designed to eliminate most of the dust and sand. Second, optimized filter dimension and structure guarantees low filter maintenance frequency. Third, effective and precise mixture of external fresh cold air and internal hot air can reduce the risk of condensing air inside the outdoor cabinet.

Free cooling means that fresh and cold air is directly introduced into the street cabinet in order to cool active equipments installed inside. Therefore, the cooling efficiency of this solution can be much higher than the one associated to traditional cooling systems such as air conditioners or heat exchangers. On the other hand, corrosion of equipment is a prominent issue for free cooling systems. The fresh air cooling solution described in this paper is designed to achieve good anti-corrosion performances together with excellent heat dissipation capacity.

Figure 6.2-9 shows the relationship between resistance and relative humidity. The Corrosion for most metals will not occur, when the relative humidity of air is lower than 60%. 

According to the results of 29,000 pieces of global climate data (as shown in Figure 6.2-10), the following results were found:

1.
if the ambient temperature is higher than 40°C, the relative humidity of air is lower than 60%;

2.
if the ambient temperature lies between 30°C and 40°C, the relative humidity of air will decrease to 60% when the temperature of the incoming air at 100% RH is increased by 3.5°C;

3.
if the ambient temperature is lower than 30°C, the relative humidity of air will decrease to 60% when  the temperature of the incoming air at 100% RH is increased by 6~8°C.


[image: image15]
Figure 6.2-9 Surface insulation resistance loss versus relative humidity
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Figure 6.2-10 Temperature rise point to meet with RH. <60%

Generally, water film and contaminations can carry quantities of dissociate ions, which result in the corrosion of telecom equipment. Consequently, corrosion can be avoided by insulating most contaminations from entering telecom equipments and preventing dew from developing. As a matter of facts, it’s quite difficult to avoid any contamination when using fresh air cooling, but condensation can be avoided by controlling the relative humidity. To this end, three main methods are typically used. The first one is heating the incoming air, as this increases temperature and will improve water saturation and decrease relative humidity. The second one is absorbing water vapor in air. The third one is condensing vapor into water through temperature reduction. 

As a result, air heating is the most efficient way to control the relative humidity of the incoming outside air as the required heating source is already present from heat dissipated by the equipment. As shown in Figure 6.2-11, a maze structure of air intake duct is designed to have fresh air mixed with a portion of hot air (from the equipment), in order to moderately increase the intake air temperature. Control unit and temperature sensor installed within the cabinet provide a precise regulation of air temperature and relative humidity. 
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Figure 6.2-11 Layout of fresh air cooling

For fresh air cooling systems, a filter is needed to block dust and insects from entering into the cabinet. This could increase maintenance cost. A simplified mathematical model was developed to predict the maintenance period of an air filter and to define its optimal sizes and structure so as to minimize maintenance needs.
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where μ is the amount of dust in the air, Plast is the pressure drop of filter jammed by dusts, Pini is the initialized pressure drop of new filter, S is the area of filter, τ 1 is the distance between fan and filter, τ 2 is the height of equipment, τ 3 is the bend numbers of filter, qv is the average air flux through filter.
In order to decrease the number of truck rolls for filter replacement during the whole operative cycle, two kinds of automatic dust-clean structures have been developed, as shown in Figure 6.2-12. The first one is a flap dust cleaning structure, through which the dust adhered on the filter can be cleaned by a continuous flapping motion of the filter. The second one is a brush structure that cleans the dust off the filter through its rolling movement.
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Figure 6.2-12 Two kinds of auto dust clean structures
In order to validate the reliability and the cooling performance of fresh air cooling systems, several experiments (including heat and accelerated corrosion tests) have been executed in an environmental laboratory. An outdoor cabinet with fresh air cooling system is shown in Figure 6.2-13.This system can host active equipment with power consumption of up to 350W. Table 6-1 shows the worst case test results with an ambient temperature of 50.4°C. As a result, the air temperature at the equipment inlet increases approximately 5.3°C compared with the cabinet inlet temperature due to the mixing action of hot and fresh air. On the other hand, the exhausted air temperature of the equipment is lower than 60°C (compatible with the equipment’s operating range).

Table 6-1 Test results of fresh air cooling system
	Monitor points
	Temperature (℃)

	equipment
	inlet
	57.4

	
	outlet
	59.8

	cabinet
	inlet
	52.1

	
	outlet
	60.1
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Figure 6.2-13 Fresh air cooling cabinet near sea

Regarding the corrosion issue, the following procedure of accelerated testing has been repeated three times for 21 days:
· 2 hours salt fog (salt solution: 5% sodium chloride) application at 25°C. 

· 22 hours dry off at 50°C. Then 48 hours humidity at 25°C, > 95% RH.

· 2 hours salt fog (salt solution: 5% sodium chloride) application at 25°C. 

· 22 hours dry off at 50°C. Then 72 hours humidity at 25°C, > 95% RH. 
Accelerated corrosion testing suggests that the fresh air cooling system described in this paper can provide an excellent corrosion resistance capacity of roughly 14 years for outdoor cabinets. 
6.3 Tele-conferencing system
Introduction of ICT systems will help reduce the movement of people using the traditional ways of travel. When the movement of people is reduced, energy consumption from traditional ways of travel and CO2 emissions can be reduced.
Tele-conferencing systems are one of the key ICT technologies to reduce CO2 emission by reducing physical meeting. The following example shows the use-case of CO2 reduction by teleconference. The following case studies show the impact of video conferences held between Tokyo and Yokohama by two persons. The case 1 shows that every conference is held in once a week for one hour for a year (48 times / year). In this case, the proportion of the energy consumption to produce the video conference devices is high; therefore, the production stage is essential to reduce the use of energy by video conferences. In the case 2, every conference is held in every working day for 8hours for a year (240 times / year). In this case, the frequent use of video conferencing system significantly increases energy consumption for use of the video conferencing system, so that the proportion of the energy consumption for the production stage of video conference devices becomes relatively negligible. The value in parenthesis in each graph shows the amount of reduced energy when only the energy consumption from use of video conference is taken into account, ignoring the energy consumption from the production stage. 
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Figure 6.3-1 A case study of teleconference
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Figure 6.3-2 Results of the case study of teleconference
[GAP: Technologies for teleconferencing system may need to be studies]
6.4 Home networking 
The total energy people consume in their households accounts for a large amount of the global energy consumption with important contribution to CO2 emissions. Several studies have shown that minimization of the energy consumed by energy-hungry household appliances can be achieved by the implementation of ICT-enabled energy saving applications.

Addressing this observation, this section states energy management issues of household appliances using ICT-enabled solutions. The goal of this study is to identify issues in the implementation of such solutions mainly pertaining to:

· implementation aspects of energy saving applications, hindered by the wider lack of enabling technologies,

· gaps in the specifications of standardization bodies/forums, hindering wider deployment of ICT-based energy saving applications.

In the following sections both topics are addressed through an analysis of the most important energy management aspects from the user point of view and how they may be implemented using ICT-enabled solutions. In the end we give a non-exhaustive account of standardization bodies/forums working on the field and mention their most important contributions.

The aspects presented hereafter have been built in the frame of the AIM project. The AIM project is developing a new information and communication technologies (ICT) architecture for modeling, virtualising and managing the energy consumption of home appliances, supporting Europe’s Action Plan on Energy Efficiency of using the opportunities offered by ICT to achieve technology-driven energy efficiency gains.
The requirements defined for the architecture concern mainly usability aspects of power management functions, integration with the home network and service deployment. The two major challenges are (i) energy saving and (ii) architecture’s long-term sustainability.

6.4.1 Aspects of energy management

The energy consumed in households is mostly coming from the various household appliances, e.g. TV sets, computer-based systems, communication systems, heating systems. Managing the energy that these appliances consume allows us to minimize energy consumption. 

Therefore, building up energy management applications for the household appliances is important for the home users but also for the utility companies wishing to extract energy consumption figures on time basis.   

Building such applications with ICT solutions emerges a number of basic prerequisites such as:

· existence of a communication link between the appliance and the energy management logic can be established,

· the management logic running over the communication link may control the functions of the appliance offers to the users in form of user programs (e.g. washing machine programs),

· the management logic should be aware of the energy the appliance consumes, probably by reading a profile or by getting a real time measurement by a connected energy measurement device, 

· the management logic should be manageable by the users so as to be adapted to the energy management requirements of different households and users.

Although today many energy saving applications exist, a number of issues, mainly related to the general applicability of the provided solutions, hinder wider adoption of them on the market. Following, the most important of these issues are indentified:

· Not all appliances of the same type consume the same amount of energy: An important aspect of energy saving applications is the knowledge of the energy that appliances consume in various programs. Since not all appliances of the same type consume the same amount of energy, implementation of energy saving applications finds applicability only to specific appliance types and manufacturer models. The CoC initiative of the European Commission addresses this problem with Code of Conduct specifications that up to date cover, Digital TVs, broadband communication equipment, external power supplies and data centers. Currently, the CoC does not cover appliances of which use is very frequent, such as heating systems and white goods. 

· Lack of generic profiles for appliance identification: Here the term ‘profile’ applies to three aspects; the generic identification of a) the appliance type, b) the supported operation modes and c) the energy figure of each mode. Encoding these three parameters in appropriate profiles enables implementation of generic energy management mechanisms. The UPnP is the forum that is mainly involved in the specification of such profiles. So far the forum has covered some household appliances, such as, TV sets. Although the UPnP profiles describe some appliance types and internal operation modes, they do not provide any information about the energy these appliances consume.  

· Normalization of energy profiles: The energy profiles defined for each appliance category should be generically respectable by all appliance manufacturers, otherwise dependencies for particular manufacturer models will be created and the whole profile management solution will loose its significance. To deal with the issue the CoC initiative may need to focus on definition of allowable energy consumption levels not only for the active and standby modes but also for each user program individually.

Openness of communication interfaces and ability to control appliance functions: Managing energy consumption greatly depends on the ability of the network to control the functions of the appliance. Many appliance manufacturers are reluctant of giving up control of their appliances to third parties, hence keeping their APIs hidden. An initiative on harmonizing the communication interfaces employed by appliance manufacturers does not currently exist. Important candidates for adoption by potential future initiatives are wireless and power-line communication technologies as both of which do not require extra infrastructure. 
6.4.2 Application profiling and designing interface 
The following profiling and design interface is from AIM project. In the home network and a proper service creation environment, virtualization of energy consumption can be served by harmonized technologies for profiling and managing the energy consumption of home appliances being either in active or stand-by state. In doing so, energy consumption monitoring and management mechanisms are introduced with the final aim of offering users a number of standalone and operator services.

It applies its technology on three appliance types, namely, white goods (refrigerators, kitchens and washing machines), communication devices (cordless phones and wireless communication devices for domestic use) and audiovisual equipment (TV Sets and Set-top-boxes), targeting delivery of energy saving applications grouped in three use-cases:

1) Use-case for residential users to be used for managing the energy consumption of their households intelligently, e.g. automated stand-by devices detection and switch off in the absence of people at home or during the night, setting of maximum levels of energy consumption, etc.

2) Use-case for utility companies to plan better energy generation.

3) Use-case for network operators, for subscribers wishing to monitor and manage the energy consumption of their households remotely. 

The AIM technology will be evaluated in the context of experiments that will be hosted, initially in a virtual home environment and later on in real households.
To implement its technology the project has envisaged the architecture depicted in Figure 6.4-1, consisting mainly of three components:

a) the household appliances equipped with network interfaces,

b) the residential gateway in the role of service broker towards the user, and

c) the Energy Monitoring Device (EMD), which performs communication homogenization on the interface between itself and the residential gateway by hiding the specificities of the various network interfaces of the household appliances.  
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Figure 6.4-1 The AIM architecture

Under the given network architecture, realization of energy saving applications becomes possible through adoption of the following concepts:

(1) Service accommodation 
Energy monitoring services are accommodated on the residential gateway, which also performs:

· household appliances recognition and internal functions control.

· ‘energy resources’ virtualization and instantiation in the context of user-created services. The term ‘energy resources’ is used to identify all appliances that consume energy, their internal functions (e.g. the washing programs of washing machines, the communication modes of a wireless hot spot, etc) as well as energy control methods, e.g. set up of energy consumption thresholds, masking of appliance functions, etc.

· service creation and personalized execution.
(2) Appliance profiling 
Appliances’ internal functions are analyzed and grouped in power modes with regard to their contribution to logical operations such as washing programs for washing machines, viewing modes for TV sets, communication modes for gateways, digital phones and wireless hot spots, etc (Figure 6.4-2). Each power mode is assigned a certain energy consumption level, thus making possible creation of profiles per appliance type. By accommodating these profiles on the residential gateway, the network may estimate in real time the energy consumed within the household, simply by determining the state of each appliance. Appliance profiles are also useful for determining the operational state of each appliance. For example if it is switched on or in stand-by mode. 
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Figure 6.4-2 Examples of appliance profiles

(3) Logical interfaces 
Apart of the three main components noted earlier, the AIM architecture encompasses a number of logical interfaces whose role is to provide physical communication and integrate the functionality of the AIM components within the context of user applications.
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Figure 6.4-3 Logical representation of AIM components and the interfaces interconnecting them

Each interface is used for the following purpose:  
· Interface A: Binds the applications of the network operator with the services of gateway.

· Interface B: Binds the applications of the utility with the services of gateway.

· Interface C: Binds the applications of the local user with the services of gateway. This interface may be implemented using standard service execution interfaces, such as JAVA APIs.

· Interface D: This interface implements a protocol that is common for all appliances and allows the gateway to:

· request appliance status information from the EMD(s),

· control the appliances, e.g. switch off an appliance, mask a particular appliance function, etc,

· perform special initialization functions, e.g. retrieve the number and type of connected appliances, determine their internal functions, power modes, etc. 

· Interfaces E,F,G: May be of proprietary or standard type. These interfaces implement protocols that allow EMD(s) to access appliances’ internal functions. Depending on the appliance model, access may be confined to simple ‘status read’ cycles or may also comprise ‘write’ cycles, using a particular set of control primitives.

· Interface H: Is similar in function with the interface A, but the services of the gateway are replaced by corresponding services in the operator network, whereas the user application communicates directly with the appliances, via the EMD.
6.4.3 Advance Metering Infrastructure (AMI) and Smart Energy System (SES)

This section describes efficient home and buildings metering and smart energy systems which are currently under study to improve energy management.
Advanced Metering Infrastructure (AMI) has following features:
· The two-way fixed network and associated systems for providing advanced metering data and energy management capability. 

· Provides the capabilities to improve data tracking above and beyond Automated Meter Reading (AMR) with the goal of influencing energy usage.
· AMI can be incorporated into the sensor and communication infra of the intelligent micro-gri
In addition to AMI, Smart Energy System(SES) can be built on a house for efficient energy management. It provides following capabilities:
· HAN (Home Area Network) based energy management. 

· ZigBee based bidirectional communication and advanced metering. 

· Real-time monitoring and notification of energy usage and payment. 

· Network security to secure the metering data.

· Compatible to the OpenHAN. 

· Easy network configuration and OAM. 

· Direct Load Control : 

· The capability of a utility to control customer loads directly including turn-off and cycling capability 
In order to build AMI and SES, metering device should meet the following requirements:
· Electric Meter (mandatory): Main Power - 220VAC or 110VAC, Assistance Power - 3.3V or 5V Battery

· Gas, Water, Hot Water and Heater Meter (Option): Main Power - 3.3V or 5V Battery

· Battery Life Time : more than 10yrs

· Networking: 
· Method 1

· Electric Meter : Router

· Other Meter : End-Device

· Method 2

· All Meter : End-Device and independent Router/Gateway 
· Data Upload Period

· 1 Time/24H Periodic Upload : All Meter

· On-demand Update : Electric Meter

· Data mining Duration : more than 30 min

· RF Range Extension Device

· 40 Days Meter Value Store

· Public key infrastructure (PKI) based Security 
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Figure 6.4-4: An example of Advanced Metering and Smart energy System

6.4.4 Guidelines proposal to FG ICT & CC

Although today every household appliance can be controlled over the network, versatility of utilized interfaces and diversity of supported functions render difficult implementation of uniform network management logic.

During the definition phase of the AIM architecture, it was found that developing networked technologies for energy management and monitoring of household appliances is largely relying on the establishment of generic communication interfaces between the controlled devices and the management logic of the network.       

It is recommended to have further studies on that the requirements for these interfaces with reference to any existing standardization work in this area.

It is also proposed to have studies to identify and endorse energy profiles defined up to date for some household appliance types so that the industry is able to categorize their products by the energy they consume. On way of doing so is by endorsing the use of the Code of Conduct (CoC) concept, defined by the EC for white goods, in all household appliance types as a standard mode of ‘green’ operation.
7  Use of ITU-T Standards to mitigate climate change
This section introduces some of the key ITU-T standards which can be applied toward mitigating climate change. It should be noted that the list of the ITU-T standards that address climate change is not limited by the technologies mentioned in this section. There are other ITU-T standards that can be applied.

NOTE: See Resolution 73; to ensure that study groups carry out a review of both the appropriate existing ITU-T Recommendations and all future Recommendations to assess their implications and the application of best practices in the light of climate change.
7.1 Next Generation Networks (NGN)
Next Generation Networks (NGNs) are seen by many as the new network architecture that will unify today’s fixed, mobile and broadcast networks. NGN is expected to bring about greater energy efficiency than legacy networks. In turn, by improving the energy efficiency of Information and Communication Technologies (ICTs), NGN can potentially make a significant contribution in the battle against global warming.

1) NGNs providers and manufacturers should commit to reducing power consumption through migration to NGN. Some of the actions to be taken could include:
- Maximizing Network capacity.

- Improving IP systems, reducing energy requirements of VoIP services and multimedia applications while maintaining the best quality of Service and Quality of perception for End user.
- Lessening the number of electronic devices required in order to reduce emissions from the manufacturing and distribution of devices.

- Lowering the overall consumption of energy in data centres and developing energy efficiency servers. 

- NGNs related technology should make use of technology that can tolerate higher temperature changes in comparison with conventional equipment, thus requiring less artificial cooling in switching sites.
2) Making use of Multiple Power Modes in NGNs’ related technology. These could include:

- Full Power Mode
- Low Power Mode

- Stand by

- Hibernation

Power requirements in each mode should be provided as well. Various existing guidelines could be reviewed and considered, as the existing Code Of Conduct for Power Modes in Broadband equipment of the European Commission (see D2).   

3) Power consumption should be monitored in NGN devices to encourage their most efficient use. Elements in NGNs architecture where power consumption could be measured include:

- Transmission systems: Optic fiber, DSL, and Wireless.

- Swiching Centres

- Data centres

This monitored data should be publicly available to allow the user to know how much energy ICTs usage requires.

4) Following SG15 work example on the Energy Saving Checklist, ITU-T Study Groups  and other ITU-T relevant groups (as Focus Groups or Joint Coordination Activities efforts) could prepare new energy saving checklists, as a recommended tool for manufacturers and providers. An example of such a tool could be an energy saving checklist for materials used in transport systems, where type, size, raw material and recycling options should be evaluated to be considered as energy efficient.
7.2 Ubiquitous Sensor Network (USN)

Ubiquitous Sensor Network (USN) is a conceptual network and an informational infrastructure which delivers sensed information and knowledge services to anyone at anywhere and anytime where the information and knowledge is developed by using context awareness.  

USN applications and services are created by integration of sensor network services into network infrastructure. They are applied to everyday life in an invisible way as everything is virtually linked by pervasive networking between users (including machine and human) and sensor nodes, relayed through intermediate networking entities such as application servers, middleware entities, access network entities, and USN gateways. USN applications and services can be used in many civilian application area such as industrial automation, home automation, agricultural monitoring, healthcare, environment, pollution and disaster surveillance, homeland security, military field.

USN is built on wired sensor networks and/or Wireless Sensor Networks (WSNs). WSN, a wireless network consisting of spatially distributed autonomous devices using sensors to cooperatively monitor physical or environmental conditions, such as temperature, sound, vibration, pressure, motion or pollutants, at different locations, has been studied and implemented as isolated networks for the sensor applications. 
The simple design of network sensor applications allows the capture and transmission of the collected data to the designated application systems.

Such isolated simple applications have been changing with network evolution, network and service integration, enhancing data processing scheme by business logics and data mining rules, context awareness scheme, development of hardware and software technologies, etc. These technical developments enable the ability to build an intelligent information infrastructure of sensor networks connected to the existing network infrastructure. 

Figure 7.2-1 shows domains for development and standardization common to all USN applications. Other domains may be USN application specific.
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Figure7.2-1 USN domains for development and standardization
7.2.1 USN use-cases for monitoring climate change

Sensor nodes can measure and deliver diverse environmental data such as:

· Pressure, Humidity, Temperature, Light, Chemicals, Strain and tilt, Speed and acceleration, Magnetic fields, Vibrations, Motion, Metal detection, Sound, etc.

The sensing parameters are used to measure climate change and understand climate phenomena. The issues are how to deliver the sensed data and to manage, present and exploit the data to make value-added information for countering climate change. 

(1) Direct climate change monitoring

In order to help counter climate change, it is important to monitor the climate to verify if changes to the environment are caused by human influence or natural phenomena. Research in using sensor networks to monitor climate have been studied for decades, and the technology and techniques have recently developed into a viable solution for monitoring climate change. This section will briefly introduce examples of how USNs are applied to monitoring climate. It should be noted that USNs have multiple applications in addition to the examples introduced in this section.

· Climate monitoring

Sensor networks are used to monitor a variety of systems (see Figure 7.2-2) and are installed over a wide area and in diverse range of domains to monitor climate information. The recorded sensor data is used to analyze climate at national meteorological centers, as well as help forecast weather events at weather forecast offices. The analyzed data can be used for early-detection and to prepare for natural disasters. 
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Figure 7.2-2 An example service model for climate monitoring

· Marine environment monitoring

Jeju island, Republic of Korea, has tested one of the biggest IP based USN. This system demonstrates that IP enabled sensor nodes can directly connect an IP infrastructure. The data of the sensor nodes used to monitor real-time status of the seashore and marine environment is transmitted to the local weather station by means of a wireless mesh network.
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Figure 7.2-3 A pilot project of monitoring seashore and marine environment

· Glacier monitoring

USNs are also used to monitor glacier thickness and size. In the 1st ITU symposium of ICT & CC, Nepal research and education network presented their study on monitoring glacier lakes and showed how wireless networks can be made to work in remote areas. To reduce the impact on the fragile ecosystem, these types of networked sensor devices are low-power, self-sufficient devices embedded with appropriate sensors. The study points out, however; that the power storing technology needs to mature to enable these sensors to function in arctic conditions. This study shows how data from USNs can be transmitted to an existing infrastructure. 

[image: image30]
Source: Nepal research and education network

Figure 7.2-4 Monitoring glacier lakes in Himalaya

(2) Monitoring and control of the GHG emission 

USN applications can be developed to automatically monitor and limit power consumption levels. Various USN applications have the ability to monitor electric power consumption and air pollution emission to alert users when their systems exceed established thresholds.
· Management of city facilities: 

USN applications exist that can manage various components of an urban infrastructure such as roads, sewer, water, and gas lines. In the event USNs senses a failure, maintenance systems would be called up to correct the malfunction. The road management system captures road conditions and provides drivers with road conditions and weather information USN applications also have the ability to monitor and control GHG emissions by rerouting traffic to less congested routes thereby reducing GHG emissions caused by stop and go traffic. 
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Figure 7.2-5 u-city pilot project –Republic of Korea
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Figure 7.2-6 Chung-gyeo-cheon stream in Seoul

· Home automation

Sensor networks are one of the key technologies for home automation. Light bulbs can automatically control the appropriate brightness based on information from motion sensors and ambient light. Home appliances and other electronic gadgets can save energy when not used. Handheld LCD units are able to display the monitored power consumption levels to allow homeowners to adjust usage level appropriately. These monitoring and control systems can reduce GHG emissions.
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Figure 7.2-7 An example of home automation

· Industry automation and commercial building control

Power consumption levels and GHG emissions of industrial and commercial building complexes cannot be classified with consumption and emissions levels of single family homes. However, the same type of automation equipment used to save energy in homes can be used in commercial buildings to help reduce GHG emissions.  

(3) Indirect monitoring to learn climate features

There are many USN applications that allow indirect monitoring for the acquisition of climate data. These type USNs are essential in allowing researchers to analyze and understand climate change. The following show some examples of these types of USN are used.

· Watershed monitoring

“Understanding climate change is the first step in developing strategies to deal with impending crises that could threaten global supplies for drinking, sanitation and irrigation
.” The Hydro Watch project in Berkley built wireless sensor networks to more closely examine the water cycle. This is a good example of how USNs can be used to understand climate phenomena. USNs can be extensively deployed to monitor any environmental changes and help understand the cause of the change. The results of the collected data can be used to predict future changes.
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Source: Berkely Science review
Figure 7.2-8 – Observation of hydrologic cycle

· Plants monitoring

Sensor nodes can also be installed in green houses or in open fields. The sensor network application monitors the agricultural environment and learns the plants’ habitat in order to help manage optimal growing conditions for plants.
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Figure 7.2-9 Agriculture monitoring and management application
7.2.2 Guidelines proposal for perspective USN work items 

This section discusses the perspective USN work items on behalf of monitoring climate change. These items can be discussed with close collaboration between FG ICT&CC and the relevant ITU-T SGs and SDOs. 

· Development of USN use-cases for monitoring climate changes

· Analysis of the functional requirements on behalf of monitoring climate changes from the use-cases

· Build-up reference models using USN for monitoring climate changes

· Build-up early-warning models and decision support models based on the USN

· In addition to the items, FG ICT &CC may give the relevant ITU-T SGs input of the necessary work items for the reference models 

· Inter-networking between sensor networks and the existing network infrastructure: especially consider harsh outdoor environments

· Self-configurable networks

· Remote network management

· Power supply for the harsh remote environment

· Service registration and discovery (context-awareness service discovery)

· Management of vast of database

· QoS for emergency data

· Security issues, etc.                       
7.3 Intelligent Transport System (ITS)

Intelligent Transport Systems (ITS) is one of the key technologies which can contribute to mitigating climate change. The ITU-T has published technical watch group reports on ITS, and in collaboration with other SDOs started its studies on standardization in SG 16. This section briefly introduces ITS and provides a perspective of how ITS can be used to mitigate climate change as well as providing and an overview of ITS standardization.

ITS is designed to achieve;

· Improvement of road safety and reduction of traffic accidents - It is a startling fact that nearly 1.2 million people are estimated to die on the world's roads each year, and over 50 million are injured or disabled. 

· Increase of traffic efficiency;

· Improvement of freight and public transportation efficiency;

· Reduction of CO2 emissions.

· Driver assist and management
ITS can be facilitated with interaction of four essential components, as shown in Figure 7.3-1: 

· Vehicle collects real time data (information and conditions of vehicle computers, positioning, etc.) with the help of sensors; 

· Driver employs various services, for instance for navigation, entertainment, telematics, ITS application and other services with nomadic devices, etc.;

· Infrastructure is for which Green ITS can provide monitoring, detection, road management and the ubiquitous connectivity; and,

· Service includes Emergency notification, Telematics services, Fee and toll collection management, etc.
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Figure 7.3-1 Main elements of Green-ITS

Green ITS will improve fuel efficiency and reduce the CO2 emission leading to more efficient use of road infrastructure and fostering multimodal transport. The main effect of ITS for Climate Change is to reduce vehicle emissions. Various examples of Green ITS for reducing vehicle emissions are as follows:

· Dynamic Navigation (Collection of traffic, environment, and floating car data, Dynamic route guidance)

· ADAS (Adaptive Cruise Control(ACC), Intelligent Speed Adaption(ISA), etc.)

· Telematics Services (Real-time remote diagnostics, Alteration of driver behaviour, etc.)

· Delivery of congestion and danger spots information by using Vehicle-to-vehicle and vehicle-to-infrastructure communications.
These elements should be taken into account when ITU-T standards related to ITS would be elaborated.
Several leading auto-makers have studied idle-stop control device which stops engines while idling in traffic. The unnecessary engine idling causes 17% fuel loss but IT converged idling stop technology proves that more than 5% of the fuel lost will be saved. To implement this technology, wireless communication between the light controller and cars should be studied further and standardized

7.4 Tag-based Identification Applications and Services
RFID is a representative Tag-based identification system which uses wireless communication technology to transmit the identifiers stored in an RFID tag to an RFID terminal. An RFID can hold multiple identifications for different purpose of wireless data communication, which enhances the efficiency of the process of the identification. 

RFID represents one of the most significant advances in supply-chain management since the first bar code was scanned in 1974. Electronic product codes transmitted through RFID can determine product arrival and departure at all points of the supply chain. Already, supermarkets are tagging pallets, cases, and other returnable transit containers such as plastic crates used for fresh foods. Tagging these items permits transparent and total visibility of assets and inventory. The ability to write to the RFID tag also allows the entry and management of information such as contents, expiry date, manufacturer and country of origin. With sensor enabled tag, it can provide temperature information for the preservation. 

Food traceability is one of the most important applications that materialize public safety/security by the Networked RFID technology. Traceability of food chain enables tracing and tracking of the food and related information at each stage of the food chain including the production, processing, distribution and sales. When a food accident occurs, this tracking approach is employed to search the related information to determine the range of the damage by tracking the cause. Utilization of the RFID is used for purpose of identification, compilation of data, and collation of data.

The use of RFID, which has already played a pivotal role in the supply chain can be expanded to the whole lifecycle management. Such a trial is currently underway. Figure 7.4-1 shows an example of a lifecycle management flow in logistics. RFID has been so far applied to forward logistics and RFID technology enables to manage reverse logistics as well.

[image: image37.png]



Source: GLOBE (Green Logistics Oriented Business Environment) project, Korea

Figure 7.4-1 Flow of lifecycle management in logistics
Use of RFID in forward logistics is well known. Figure 7.4-2 shows how lifecycle products can be managed in reverse logistics. RFID is installed on a device from the manufacturer and logs every delivery status. When consumers no longer want to keep the device, they return it to their service centre. In a recycle process, material information can get be obtained from the RFID. Reuse/Disposal report will be logged in the tag. After final recording, the tag is also reused.
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Source: GLOBE (Green Logistics Oriented Business Environment) project, Korea

Figure 7.4-2 Service model of after-sale

In the not too distant future, RFID and its technologies will contribute to every object that can be identified and addressed object. Smart components will be able to execute different sets of actions, according to their surroundings and the tasks for which they were designed. There will be no limits to the actions and operations these smart “things” will be able to perform: for instance, devices will be able to direct their transport, adapt to their respective environments, self-configure, self-maintain, self-repair, and eventually even play an active role in their own disposal.
                                      

Appendix
FG Questionnaire Response from ITU-R and ITU-T Study Groups
FG ICT & CC sent a questionnaire to ITU-R and ITU-T SG chairmen to investigate the effect of ITU-R and ITU-T standards. The questionnaire contains the following questions:

1. Is your SG producing new or revised Recommendations which could lead to technologies which would have a carbon impact? Yes/No

2. Please list the technologies in order of priority (the top 3) which will cause additional CO2 (or other GHG) emission (e.g. during embodiment, use and recycling) in the order you estimate the impact will be (e.g. Watts x market size).

3. Are you working on technologies (requirements for devices and/or interfaces/protocols)? Yes/No?

4. If yes to 3, Can the design of these technologies (requirements and/or interfaces/protocols) be improved to reduce the power consumption and CO2 emission of devices (NB the interface design will have impact on device design and power consumption)? Yes/No?

5. Which of these in your opinion would have the most significant impact if it were revised to reduce GHG emission? List up to three in order of priority.

6. Are you aware of technologies in your SG which are carbon reducing and/or could be used for substitution of high carbon intensive activities such as travel (e.g. codecs for audio/data/video conferencing)? Yes/No

7. If yes, please list the top three of these technologies, prioritised according to your best estimate of the GHG emission reduction (e.g. through replacement of other services), and explain the rationale.

Request: Please could you make editors aware of Checklist ITU-T/SG15 Document, TD-288 GEN (Annex 2) and ask if it can be adapted for use in your SG?

8. Please let us know what you think about the usefulness of such a checklist?

9. Which technologies and standards (Recommendations) developed by your SG are used for climate monitoring, adaptation to climate change and mitigation of negative effects of climate change (including those relevant to emergency telecommunications)?

10. Do you know any other examples of technologies/standards developed by your SG, that have a positive effect on climate? If yes, please inform us about the top 3.

11. Concerning the technologies in your SG, could you identify some potential impact benefit regarding environmentally friendly designed products and services (eco design)?
The analysis of the responses is in the following link:

· The combined responses in an XML file:

http://ties.itu.int/ftp/public/itu-t/fgictcc/readonly/Questionnaire%20and%20responses%20for%20D4%20appendix/ Copy of ITU-T and ITU-R Q Responses Combined Formatted

· The analysis of the responses:

http://ties.itu.int/ftp/public/itu-t/fgictcc/readonly/Questionnaire%20and%20responses%20for%20D4%20appendix/ ITU-T and ITU-R Questionnaire Responses Draft E
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Video conference held between Tokyo and Yokohama, every working day (240 times / year), eight hours each time, participated in by two people from each office





Video conference held between Tokyo and Yokohama, once a week (48 times / year), one hour each time, participated in by two people from each office 
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� Berkely science review, the issue 14, hydrowach project, by Tim De Chant





� World Health Organization, at � HYPERLINK "http://www.who.int/mediacentre/news/notes/2007/np34/en/index.html" ��http://www.who.int/mediacentre/news/notes/2007/np34/en/index.html�.
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評価条件

		

				ＴＶ会議Ver1.2（機器選択可能） の環境負荷評価条件

						■原単位データ年度

								電力原単位地域		デフォルト

								電力原単位年度		2006(地球温暖化対策推進法)

						分類				項目名		値

						ICTシステム

								TV会議

										会議回数		240回/年

										会議相手地点数（2地点会議の場合は1）		1 地点

										会議開催場所１:地点1:会議開催場所１		東京

										会議開催場所１:地点1:TV会議装置		SONY PCS-1(Ｓ社様テレビ会議)

										会議開催場所１:地点1:TV会議装置:台数		1台

										会議開催場所１:地点1:TV会議装置:1回あたりの会議時間		480分/回

										会議開催場所１:地点1:モニタ		29型モニタ

										会議開催場所１:地点1:モニタ:台数		1台

										会議開催場所１:地点1:ノートＰＣ		ノートPC

										会議開催場所１:地点1:ノートＰＣ:台数		0台

										会議開催場所１:地点1:利用通信サービス		Ｂフレッツ

										会議開催場所１:地点1:利用通信サービス:サービスタイプ(Bフレッツのみ)		Ｂフレッツ(ファミリー)

										会議開催場所１:地点1:利用通信サービス:回線数		1回線

										会議開催場所2－20:地点1:会議開催場所２		横浜

										会議開催場所2－20:地点1:ＴＶ会議装置		SONY PCS-1(Ｓ社様テレビ会議)

										会議開催場所2－20:地点1:ＴＶ会議装置:台数		1台

										会議開催場所2－20:地点1:モニタ		25型モニタ

										会議開催場所2－20:地点1:モニタ:台数		1台

										会議開催場所2－20:地点1:ノートＰＣ		ノートPC

										会議開催場所2－20:地点1:ノートＰＣ:台数		0台

										会議開催場所2－20:地点1:利用通信サービス		Ｂフレッツ

										会議開催場所2－20:地点1:利用通信サービス:サービスタイプ(Bフレッツのみ)		Ｂフレッツ(ファミリー)

										会議開催場所2－20:地点1:利用通信サービス:回線数		1回線

								出張会議

						ヒトの移動

								TV会議

								出張会議

										出張先場所		東京

										会議開催場所2－20:地点1:会議開催場所２		横浜

										会議開催場所2－20:地点1:鉄道:移動距離(片道)		30.6km/(人・回)

										会議開催場所2－20:地点1:鉄道:移動回数(片道)		2回/回

										会議開催場所2－20:地点1:バス:移動距離(片道)		2.0km/(人・回)

										会議開催場所2－20:地点1:バス:移動回数(片道)		2回/回

										会議開催場所2－20:地点1:航空機:移動距離(片道)		0km/(人・回)

										会議開催場所2－20:地点1:航空機:移動回数(片道)		2回/回

										会議開催場所2－20:地点1:船舶:移動距離(片道)		0km/(人・回)

										会議開催場所2－20:地点1:移動人数		2人/回

										会議開催場所2－20:地点1:船舶:移動回数(片道)		2回/回

										会議開催場所2－20:地点1:普通自動車:台数		0台

										会議開催場所2－20:地点1:普通自動車:移動距離(片道)		0km/(人・回)

										会議開催場所2－20:地点1:普通自動車:移動回数(片道)		0回/回

										会議開催場所2－20:地点1:軽自動車:台数		0台

										会議開催場所2－20:地点1:軽自動車:移動距離(片道)		0km/(人・回)

										会議開催場所2－20:地点1:軽自動車:移動回数(片道)		0回/回

										会議開催場所2－20:地点1:バイク:台数		0台

										会議開催場所2－20:地点1:バイク:移動距離(片道)		0km/(人・回)

										会議開催場所2－20:地点1:バイク:移動回数(片道)		0回/回
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評価結果

		

				ＴＶ会議Ver1.2（機器選択可能） の環境負荷評価結果

								Video conference		ＴＶ会議Ver1.2（機器選択可能）

								Conference on a trip		出張会議

						■前提条件

								1.ICTサービス、従来手段のモデルはモデル図を参照のこと。
2.ICTサービスは、基準設備を介して各地点がTV会議を行うものとし、各地点のネットワークに流れる情報量の合計が基準設備側のネットワークに集まるとした。また端末はTV会議のみに使用し、使わないときには電源を切るものとした。
3.従来手段は、各地点から基準設備の地点に出張するものとした。
4.変更可能項目は以下の通り。
（簡易入力）ICTサービス：会議回数、会議相手地点数、会議場所地点。
従来手段：なし。
（詳細入力）ICTサービス：上記に加え、

								ＣＯ２排出量の削減効果				51.9%

												(比較対象なし)

										単位:kg-CO2/年

										Production		Use		Disposal		合計

								Conference on a trip		0.589		18.838		0.002		19.429

								Video conference		1.521		7.810		0.011		9.341

						■備考





評価結果
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