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Recommendation ITU-T L.1325

Green ICT solutions for telecom network facilities

Summary

Recommendation ITU-T L.1325 has been developed to introduce highly-efficient infrastructure solutions, including highly-efficient power solutions, renewable energy solutions, air conditioning energy-saving solutions and free and economical cooling solutions. 

Not every solution mentioned in this Recommendation is fit for everywhere. When operators choose the solution, it should be selected according to local situations. 

With the development of information and communication technologies, and especially high power-density equipment, the energy consumption of communication industry is increasing. Therefore, we must pay attention to energy conservation, and protection of the environment. This Recommendation specifies Green ICT solutions for telecom network facilities.
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Recommendation ITU-T L.1325

Green ICT solutions for telecom network facilities

1Scope

This Recommendation specifies Green ICT solutions for telecom network facilities and aims to increase the energy efficiency of the whole telecom network and to reduce carbon emissions. ICT infrastructure can be defined as a repository for the telecom equipment, management system, power system and cooling system. It is designed for maximum energy efficiency and minimum environmental impact. The construction and operation of telecom network infrastructures includes advanced technologies and strategies. This Recommendation provides a set of rules to be referred to when undertaking improvement of existing telecom network infrastructure, or when planning, designing or constructing new ones.

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 standalone document, the status of a Recommendation.

[ITU-T L.1200]Recommendation ITU-T L.1200 (2012), Direct current power feeding interface up to 400 V at the input to telecommunication and ICT equipment.

[ITU-T L.1201]Recommendation ITU-T L.1201 (2014), Architecture of power feeding systems of up to 400 VDC.

[ITU-T L.1204]Recommendation ITU-T L.1204 (2016), Extended architecture of power feeding systems of up to 400 VDC.

[ITU-T L.1300]Recommendation ITU-T L.1300 (2014), Best practices for green data centres.

[ITU-T L.1310]Recommendation ITU-T L.1310 (2014), Energy efficiency metrics and measurement methods for telecommunication equipment.

[ITU-T L.1320]Recommendation ITU-T L.1320 (2014), Energy efficiency metrics and measurement for power and cooling equipment for telecommunications and data centres.

3 Definitions

3.1 Terms defined elsewhere

This Recommendation uses the following terms defined elsewhere:

3.1.1     energy [b-ISO 16818]: Capacity for doing work; having several forms that may be transformed from one to another, such as thermal (heat), mechanical (work), electrical or chemical, and is expressed in Joules. For the purpose of this Recommendation, energy will be expressed in Watt-hours (Wh) or kilowatt-hours (kWh).

3.1.2     power [b-ISO 16818]: Rate at which energy is transmitted.

3.2 Terms defined in this Recommendation

This Recommendation defines the following terms:

3.2.1     infrastructure: Equipment that supports the ICT equipment, e.g., power delivery components and cooling system components.

3.2.2     ICT equipment: Information and Communication Technology equipment (e.g., computing, storage, and network equipment) used in data centre.

3.2.3     power feeding system: Power source to which ICT equipment and facilities are intended to be connected, such as uninterruptible power supply (UPS) and backup generator, etc. 

4 Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:

ACAlternating Current

APFActive Power Filter

DCDirect Current 

DGDiesel Generator

HVDCHigh Voltage Direct Current

PVPhotovoltaic 

UPSUninterruptible Power Supply

5 Conventions

None.

6 General requirements of green solutions

Telecommunication safety and equipment life cycle are the two basic requirements in telecommunications systems. Therefore, any energy-saving activities should not affect the safety and life-cycle of the telecommunication equipment and its environment. 

The applications of high efficiency solutions such as: high voltage direct current (HVDC), and high-efficiency air conditioning are encouraged.

Renewable energy systems such as: solar, wind turbine or fuel-cell are recommended if renewable energy resources are available, so as to reduce carbon emissions. 

The application of free and economical cooling methods such as outdoor air cooling, heat exchangers and heat pipes are encouraged. 

7 High efficiency power-feeding solutions

7.1 High-frequency switching rectifier sleeping mode solution

The high-frequency switching rectifier sleeping mode solution controls the number of active rectifiers in a power supply system by monitoring the load current to make the power supply system operate in the region around the maximum efficiency point. 

This technology is suitable for modularized power supply systems with redundancy.

Reliability and safety of a power supply system should not be decreased while this function is enabled.

If the power module, controller or grid fails or if an equalization charge of battery is started, the system must stop this function. The sleeping function will be recovered when the system is restored and system is operating in floating charging mode.

The detailed information on principle and energy saving characteristics can be found in [b-Liu Yiheng]. 

7.2 HVDC power feeding solution

HVDC power feeding systems for telecommunication systems have an output voltage of up to 400 VDC. For the definition of this system refer to [ITU-T L.1200]. 

This solution can be used in telecom centres and data centres. Typical architectures are shown in Figure 1 to Figure 3 according to [ITU-T L.1201].

[image: img]

Figure 1 – A power feeding system with backup solution including up to 400 VDC power feeding

[image: img]

Figure 2 – Dual AC supply system configuration for dual PSU ICT equipment

7.3 Hybrid power feeding solution with up to 400 VDC and AC power feeding system

In this solution, priority is given to the use of the AC grid, which reduces the energy conversion section, and contributes to improving the system efficiency. 

There are two kinds of operational modes, one is the AC grid priority connected to the load and the other is when the AC grid and the UPS are working together. The system structure is shown in Figure 3. 

[image: img]

Figure 3 – AC grid + HVDC power supply structure 

7.4 Parallel active power filter solution

Harmonic current elimination is a solution that can cancel high order harmonics in the power grid by active or passive technologies. Power quality can be improved and prevents users from disadvantages of excess harmonics.

The active power filter (APF) is more complicated and expensive than the passive power filter. However, it shows better control performance, smaller size, adaptive tracking and compensation of different harmonic components.

There are different types of APFs, therefore it is recommended that the parallel type of APF is used. For harmonics which come from UPS and HVDC systems, closed-loop, three-phase three-wire can be selected for both local and distributed elimination. For the harmonics which come from switched-mode power supplies and air conditioners, closed-loop, three-phase four-wire can be selected for both local and distributed elimination. For concentrated harmonics elimination on the low-voltage side of distribution transformer, closed-loop, three-phase four-wire is recommended.

Before this solution is applied, space for the active power filter should be reserved.

7.5 High temperature lead acid battery solution

High temperature lead acid battery technology improves upon the traditional shell structure, material, paste formula, separator and electrolyte etc. It can adapt to a wider temperature range and long-term work below 35°C.

This solution can improve the service life when working temperatures are high. This kind of battery is recommended if the temperature is normally in the range of 20°C to 35°C, and the permitted temperature range is between −20°C and +65°C. More detailed information can be found in [b-Dong Hong]. 

8 Renewable energy power supply solutions

This clause includes solar power solution, wind power solution and hydrogen fuel cell power supply solution.

8.1 Solar power solution

The structure of solar system solution applied to a telecommunication system is shown in Figures 4 and 5. 

It needs batteries as energy storage devices and is mainly used in places not connected to the grid. It is widely distributed in these areas. It is highly reliable and easy to maintain. 
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Figure 4 – Off-grid solar power system

The solar power system sometimes works together with a diesel generator (DG). The system structure is shown in Figure 5, which depicts a standby DG (or mains) powerline. When the photovoltaic (PV) panel arrays generate insufficient power or there is a lack of other backup power, the standby DG will start. It can be used either to power the AC load directly or to charge the battery through rectifiers.

[image: img]

Figure 5 – Solar and DG power system 

8.2 Wind power solution

An off-grid powering solution for telecommunication base stations based on using a wind generator is shown in Figure 6.

[image: img]

Figure 6 – Off-grid wind power system structure

Wind energy is converted to mechanical energy through a wind turbine, and rectifiers will supply DC power to loads, or via an inverter convert DC to AC output power for an AC load. Wind instability should be taken into account to achieve a balance between supply and load.

8.3 Fuel cell power solution

Hydrogen fuel cell systems used in communication base stations adopt a proton exchange membrane fuel cell system. They are quick starting, stable in power output and environmentally adaptable. Its structure is shown in Figure 7.
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Figure 7 – Hydrogen fuel cell-powered system DC power supply and AC power lines

The hydrogen fuel cell has the following advantages when compared to the traditional power system.

1)High energy efficiency

Normally, the fuel cell system has high energy conversion efficiency. Carbon dioxide emissions reduce by more than 40 per cent compared with fossil fuel alternatives, which is good for the environment.

2)Environmentally-friendly

When the fuel cell uses pure hydrogen as fuel, the chemical reaction product is only water. Nitrogen oxides, carbon dioxide and other emissions are virtually eliminated and, as there are no moving parts in the fuel cell power supply system, noise output is quite low.

3)Flexibility

System capacity is very flexible as cells may be connected in series or in parallel. It is therefore very convenient for expansion, according to customer demand.

9 Air conditioning power-saving solutions

A refrigerant pumping power-saving solution and adaptive control of an air conditioning power-saving solution are covered in this chapter.

9.1 Refrigerant pump power-saving solutions

This solution is used in seasons when there is a big difference between indoor and outdoor temperatures. If the outside temperature is low, the system uses the evaporator in the refrigeration system and the air-cooling condenser automatically switches to the refrigerant pump for refrigeration. Since the refrigerant pump consumption power is much lower than the compressor power consumption, the telecommunication room can be rapidly cooled to save energy.

9.2 Adaptive control of air conditioning power-saving solution

The adaptive control of air conditioning power-saving is a power-saving solution that uses a self-adaptive control method to automatically adjust the output air flow and temperature of the air conditioner, therefore several air conditioners can work simultaneously in a coordinated way.

The air-conditioner should be adaptively controlled according to different parts of the room, changes in temperature and humidity during day and night, different seasons, and different regions. The air conditioner can automatically adjust the working status and temperature to coordinate with other air conditioners. Using this solution, the compressor's working hours and the power consumption of the air conditioning system can be reduced. It can also automatically monitor temperature and humidity so that humidification and dehumidification is controlled.

9.3 Central air conditioning inverter solution

In cases where there is a chiller in the data centre's central air conditioning system, frequency control technology can be used to control chilled water pumps and cooling tower fans and provide chilled water to the cooling system. This will help achieve terminal side cooling according to demand. This system can save energy as the frequency is changed according to the load. 

To apply this solution, the inverter capacity should match the load. It also should be noted that harmonic current will be produced from the inverter technology and the circuit will result in decreased power factor, increased noise, vibration of the system and increased waste heat. The detailed analysis on energy-saving characteristics can be found in the [b-inverter]. 

10 Free and economical cooling solutions

This clause includes an outdoor fresh-air cooling solution, a heat-exchange cooling solution and a heat pipe solution.

10.1 Outdoor fresh air cooling solution

An outdoor fresh-air cooling solution is an air conditioning system that uses a controlling unit to purify the air from outside and introduce it into the telecommunication room in order to expel the hot air. It uses no refrigeration, just the fresh air outside to reduce the indoor temperature. It can therefore reduce power consumption.

This solution can give very good energy-saving characteristics if used in cool seasons, and the relative humidity is lower than 90 per cent. It requires that outdoor air is clean and the humidity balanced. 

10.2 Heat exchange cooling solution

Outdoor fresh air flows into the room through a controlling unit. This removes the hot air inside through the sensitive heat exchange core module. It works without any refrigeration components and reduces the air conditioning power consumption.

In this heat-exchange cooling solution, indoor and outdoor air is separated to avoid introducing air pollution, so that cleanliness can be fully guaranteed. Although sensitive heat exchange uses more power, it still has a power-saving effect as it is more efficient than an air conditioner. This solution can obtain very good energy saving characteristics if used in places where temperature gap between the outdoors and the room is more than 10°C.

10.3 Heat pipe solution

The heat pipe system consists of evaporators, condensers, fans and other components. The evaporator is filled with circulating refrigerant which is connected to the evaporator and condenser through the heat pipe. When fans start to drive hot air in the control room flows through the evaporator, the circulating refrigerant inside the evaporator transforms the coolant to gas which passes through the main air pipe then to the condenser. Gas in the condenser becomes liquid when the outdoor cool air passes through the condenser, then returns to the evaporator through the main liquid pipe. Thus heat transfer energy efficiency is much higher than traditional solutions. 

The heat pipe system may work in parallel with the original air conditioning system in high temperature regions. The alternation between this system and a traditional air conditioner can offer mutual backup. An example of the heat pipe working in parallel with the original air conditioning system is given in [b-Heat Pipe]. Not only can it save energy, but it is also very effective in improving the safety and reliability of air conditioning equipment, and extending its life. 

10.4 Wet film solution

When dry and hot air passes through a wet film, moisture and dust is absorbed, the air is cooled and filtered and the humidity controlled. 

As the air passes through the wet film, the heat in the air is absorbed, in especial during seasons when outdoor temperatures are lower than indoor air. After being filtered by the water wall filter, the air from outdoors can be cooled down by between 4°C and 10°C, and it is purified. The cool air then flows into the room by the draught fan, reducing the room temperature quickly.

Energy consumption can be decreased by enthalpy humidification technology. To apply this solution, a water source is required. Moreover, antifreeze measures should be taken during cold seasons. In addition the wet film should be periodically cleaned and replaced. 

10.5 Cooling tower free-cooling solution

When the outdoor temperature is lower than the set value, the water-cooling unit will close down and start the cooling tower in free-cooling mode to directly or indirectly cool the air conditioning system, thus saving energy.

The structure of cooling tower water side free cooling technology is shown in Figure 8. This includes an open type cooling tower heat exchanger mode and closed cooling tower direct cooling mode.

[image: img]

Figure 8 – Open cooling tower cooling system 

[image: img]

Figure 9 – Closed cooling tower cooling system 

This system reduces the running time of the chiller and prolongs the service life of the water chiller. It also reduces the noise of the refrigeration room and does not affect the cleanliness of the ICT rooms. The detailed analysis on principle and application can be found in [b-Zhu Hongbo].

For this system, how much energy it saves depends on outside environmental conditions. This solution should be applied, taking into account the natural cooling capability of the telecommunication room or data centre. To apply this solution, there should be reliable technical measures to ensure the smooth transition between the two operating conditions of cold water chiller cooling and cooling tower natural cooling, and also anti-freeze technical measures.
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