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Smart energy solution for telecom sites

Summary

Recommendation ITU-T L.1380 focuses on smart energy solutions for telecom sites, mainly on the performance, safety, energy efficiency and environmental impact, when the system is fed by various types of energy such as photovoltaic (PV) energy, wind energy, fuel cells and the grid.

The Recommendation also considers smart energy control. For example, if the grid is off, how can the energy flows be managed to achieve higher energy efficiency, how to get green energy, etc.
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Recommendation ITU-T L.1380

Smart energy solution for telecom sites

1 Scope

The level with which photovoltaic (PV) systems are powered by solar energy depend on the level of sunshine. When specific special areas lose power grid supply, remote power supplies or diesel generators can be used as stand-by power supplies. This type of system can save operating costs, thereby reducing the gasoline or grid energy consumption and ensure the availability of power supply.

Peak load shifting is a solution that is based on the smart energy concept. When the energy consumption is higher, the storage battery is used in priority to provide electric power. When the charge is lower, the mains are used in priority to supply power to the load and to charge the storage battery. In this way, the cost of electric power of the base station can be reduced.

When a smart cooling energy system is used, the air-conditioning system used by the base station can naturally adjust the temperature and relative humidity of the base station according to the different indoor and outdoor environmental conditions. It is much more energy efficient to replace air-conditioning refrigeration under most conditions all year round and avoid the power waste caused by long-term operation of air-conditioning.

2References

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

None.

3Definitions

3.1Terms defined elsewhere

This Recommendation uses the following term defined elsewhere:

3.1.1    facility equipment [b-ITU-T L.1301]: Equipment that supports the information and communication technology (ICT) equipment (e.g., cooling systems and power feeding systems) used in data centres.

3.2Terms defined in this Recommendation

This Recommendation defines the following terms:

3.2.1    photovoltaic (PV) system: A system composed of solar cell array, solar array energy converter AC/DC power supply and related power distribution elements (e.g., circuit breakers), that can be coupled to batteries.

3.2.2    smart energy: A power system that uses a smart control technique system to autonomously combine various energy supplies according to the working conditions of power supply and load.

3.2.3    smart cooling: Any solution that improves the performance and efficiency of cooling systems used at telecom sites.

4Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:

AC Alternating Current

DC Direct Current

ICT Information and Communication Technology

PV Photovoltaic

5Conventions

None.

6Smart energy system for telecom sites

Clauses 6.1 to 6.3 describe the three different types of power supply modes that use a photovoltaic (PV) system.

The features of smart energy are:

–Renewable energies are used in priority.

–It improves energy efficiency;

–It can do the predictive diagnosis to ensure the safety of the power supply.

–It minimizes operating costs.

6.1PV and AC grid input system

Figure 6-1 depicts a PV and alternating current (AC) grid input system.
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Figure 6-1 – PV and grid input system

When the solar source is sufficient, the solar energy is the sole source used to provide electric power to the direct current (DC) load, and to charge the battery at the same time. If the solar source is not sufficient, the AC grid is used to provide power through a high-frequency switching power supply. When the solar source has been sufficiently restored to power the load, the high-frequency switching power supply will be turned off to maximize the use of solar power.

In PV mode, the system can keep the maximum output power by maintaining the output voltage, from solar photovoltaic system, higher than rectifier's output voltage. If the output current of the PV system is lower than the load current, the output voltage will be decreased to be equal to rectifier's voltage and in this condition the system will be powered by rectifiers. The output voltage of the PV system and rectifier should be smart and dynamically adjusted according to the power of load.

In addition, if the AC grid is off, and the batteries become the energy supply, the PV system acts as the system that monitors the output voltage. If the output voltage of battery goes lower than the low-voltage protection limit, the PV system automatically disconnects itself so as to protect the batteries. When the AC grid is back to the normal working condition and the system output voltage is higher than recovery value, the PV system should be automatically reconnected.

6.2PV and remote power input system

Figure 6-2 depicts the PV and remote power input system.
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Figure 6-2 – PV and remote power connecting system

When the solar source is sufficient, the solar energy is the sole source used to provide electric power to the DC load, and to charge the battery at the same time. If the solar source is not sufficient, the remote module is used to provide power. When the solar source is again sufficient to power the load, the remote power supply will not provide energy to the load and will go on standby.

6.3PV and diesel generator input system

Figure 6-3 depicts the PV and diesel generator input system.
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Figure 6-3 – PV and diesel generator connecting system

The diesel generator acts as the stand-by power supply in this kind of application. When solar power is insufficient, the battery becomes the energy supply. If the energy present in the battery drops to a certain predefined level, the diesel generator starts supplying power to the load, and at the same time charges the battery. Once the battery is fully charged, or if the solar energy is restored, the diesel generator will be shut down to maximize the use of solar energy, thus minimizing the use of the diesel generator.

This smart PV system has the following three connection modes:

1) Independent connection mode: The PV system has an independent cabinet, which can be physically separated from the DC power supply system in this mode. It is connected with the distribution unit of the DC power supply system in parallel. The PV system and the DC power supply system are controlled by their respective monitoring units.

2) Physical embedding mode: The PV system can be embedded/installed in the cabinet of the DC power supply system or the communication cabinet. However, the PV system and the DC power supply system are independently controlled by their respective monitoring units. It only realizes the physical structure and the electrical circuit embedding.

3) Integrated mode: In this mode, the DC power supply system and the PV system will be combined in one system. They share the integrated monitoring unit, which becomes a functional module of the DC power supply system for communication and control on the working state of the solar system.

Considering the factor of energy saving by emission reduction and cost reduction, some telecom sites can use smart PV systems. The power generated by the PV system is used by the base station to reduce electricity charges. Through the control of smart energy, the PV system can provide backup power supply for the base station during the grid off period, to ensure the availability of power supply. A remote power supply or a diesel generator can be used as a backup power supply in some areas where it is impossible to provide the AC grid.

7Peak-load shifting solution for telecom sites

Figure 7-1 depicts the working principle of a peak-load shifting power supply system of a telecommunication base station.
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Figure 7-1 – Peak-load shifting power supply system of a telecommunication base station

In this system, during high price electricity period, the system is in discharge mode, and the full load or part of it is powered by the battery. In the latter case, the other part of the load is powered by the rectifiers as needed. This helps to avoid using grid energy as much as possible when its price is high. In addition, based on the consideration of economic benefits, the system does not charge the battery in this period.

During the medium price electricity period, the load is directly powered by rectifiers, and there is no energy flow to or from the batteries, neither a charging or a discharging flow.

In the low electricity price period, the rectifiers not only provide current to the load, but also charge the battery strings.

Detailed information is shown in Table 1.

Table 1 – Time and function settings of peak load shifting power supply system



	Serial number
	Electricity Price
	Battery (Discharge)
	Grid
	Battery (Charge)



	1
	Medium
	
	√
	



	2
	High
	√
	√*
	



	3
	Low
	
	√
	√



	NOTE – √* means if needed.




8 Smart outside air ventilation system for telecom sites

This clause outlines the basic working principle of a smart outside air ventilation system for base stations. In this regard, an intelligent controller uses temperature and humidity sensors to continuously monitor the air temperature and humidity both outside and inside the base station room. When the difference in temperature is greater than a certain predefined value, the intelligent controller opens the fresh air door of the intake unit and activates a fan to blow the cold air into the room from outside. The heat exchange between cold air and hot air can reduce the room temperature. The hot air is then discharged through an air exhaust fan. If the indoor temperature exceeds a certain threshold, the intelligent controller starts the air conditioner to cool the room. The composition of the system is described in clause 8.1 and shown in Figure 8-1. Clauses 8.2 and 8.3 respectively describe the control strategy and the application scenarios.

Introducing outdoor natural cold air into the room can effectively utilize a natural cold source, thus reducing the running time of the air conditioner in the room, and consequently reduces air conditioning energy consumption. This also extends the service life of the air conditioner compressor, which reduces the operating cost for the companies, and helps save energy and reduce energy consumption at the base station site.

[image: img]

Figure 8-1 – Smart outside air ventilation system for radio base station

8.1System composition

The base station smart outside air ventilation system is mainly composed of intelligent controller, air intake fan with filter screen, air exhaust fan, temperature and humidity sensors, and room air conditioner.

The intelligent controller is the core of the system. It collects, stores, calculates and processes various environmental parameters from inside and outside the base station room through various ports, and controls the indoor and outdoor fans and air conditioners of the system according to previously defined parameters. The exchange of indoor and outdoor air helps to regulate the temperature to some extent by reducing the room air conditioner running time and helping to achieve energy saving goals.

The air intake fan with filter screen introduces outdoor cold air into the room to reduce the temperature, and at the same time the fine dust in the air is filtered out to ensure the cleanliness of the indoor environment.

The air exhaust fan discharges the air exchanged in the room and the hot air outside to achieve the purpose of accelerating air circulation and improving air exchange efficiency.

The temperature and humidity sensors collect environmental parameters inside and outside the base station room, to provide data for the intelligent controller.

The room air conditioner can only be started by the intelligent controller when the indoor temperature exceeds a previously defined threshold value.

8.2Intelligent control strategy

The strategy for the intelligent control mechanism of the smart outside air ventilation system is mainly based on indoor and outdoor temperature and humidity data. The target temperature of the indoor temperature control is depicted by T0, the outside air ventilation system starting temperature is depicted by T1, the room air conditioner starting temperature is depicted by T2, and the equipment shutdown temperature is depicted by Ts where T2 > T1> T0 > Ts.

It should be noted that:

1)When the indoor temperature is lower than Ts, the air intake fan and room air conditioner stop working to save energy.

2)When the indoor temperature reaches T1, and the temperature difference between T0 and the outdoor temperature meets the operating conditions of the system, the air intake fan starts to run. When the temperature drops to Ts, the air intake fan stops running.

3)When the outside air ventilation system is unable to meet the indoor heat load and the indoor temperature rises to T2, the air conditioner should be started, and if the base station generates a high temperature alarm, the air conditioner should be started immediately. When the temperature drops to Ts, the air conditioner stops running.

4)When the indoor temperature is higher than T2 and the air conditioner cannot start due to a fault, and if the indoor temperature is higher than the outdoor temperature, the air intake fan shall be started.

8.3Applicable scenarios and conditions

The smart outside air ventilation system functions as follows:

–Is suitable for telecom sites with large room air conditioner power consumption;

–Is suitable for telecom sites with a large indoor and outdoor temperature difference and good ventilation conditions;

–Is not suitable for telecom sites near factories or dusty roads.

9Smart heat exchange system for telecom sites

The smart heat exchange system for base stations uses the outdoor natural cold air as the cold source. When the outdoor air temperature is lower than the indoor temperature to a certain extent, the outdoor fresh air is used to reduce the temperature of room air, using a heat exchange system. This technical solution takes away the heat of the equipment to reduce the temperature of the room and control the operation status of the air conditioner through an intelligent controller, thus reducing the operation time of the air conditioner. The composition of the system is described in clause 9.1 and shown in Figure 9-1. Clauses 9.2 and 9.3 describe the control strategy and the application scenarios respectively.

With an intelligent heat exchange system, the indoor air quality is not affected by the outdoor air. The heat exchanger adopts an isolated sensible heat transfer method, and the indoor and outdoor air are isolated from each other, which avoids pollution from the outdoor air, and the relative humidity and cleanliness of the base station room can be fully guaranteed. This also avoids the need for air filter maintenance.

[image: img]

Figure 9-1 – Smart heat exchange system for base stations

9.1System composition

The base station smart heat exchange system is mainly composed of intelligent controller, heat exchanger, indoor side fan, outdoor side fan, temperature and humidity sensor, and room air conditioner.

The intelligent controller is the core of the system. It collects, stores, calculates and processes various environmental parameters inside and outside the base station room through various ports, and controls the indoor and outdoor fans and air conditioners of the system according to previously defined parameters.

On the outdoor side, the outdoor cold air enters the equipment through the outdoor-side air-inlet by action of the outdoor-side fan. Heat is then exchanged through the heat exchanger, and the air is discharged outside through the outdoor-side air outlet.

On the indoor side, the indoor hot air enters the equipment through the indoor-side air inlet by action of the indoor-side fan. The indoor hot air passes through the heat exchanger to perform heat exchange and cooling, and the cooled air is returned through the indoor-side air pipe back to the base station room.

The room air conditioner can only be started by the intelligent controller when the indoor temperature exceeds the previously defined threshold value.

9.2Intelligent control strategy

The control strategy of smart heat exchange system is mainly based on indoor and outdoor temperature data. The target temperature of indoor temperature control is depicted by T0, the fresh ventilation system starting temperature is depicted by T1, the room air conditioner starting temperature is depicted by T2, and the equipment shutdown temperature is depicted by Ts where T2 > T1 > T0 > Ts.

It should be noted that:

1)When the indoor temperature is lower than Ts, the heat exchange system and room air conditioner stop working to save energy.

2)When the indoor temperature reaches T1, and the temperature difference between T0 and the outdoor temperature meets the operating conditions of the system, the heat exchange system starts to run. When the temperature drops to Ts, the system stops running.

3)When the heat exchange system is unable to meet the indoor heat load and the indoor temperature rises to T2, the air conditioner should be started, and if the base station generates a high temperature alarm, the air conditioner should be started immediately. When the temperature drops to Ts, the air conditioner stops running.

4)When the indoor temperature is higher than T2 and the air conditioner cannot start due to a fault, and if the indoor temperature is higher than the outdoor temperature, the heat exchange system should be started.

9.3Applicable scenarios and conditions

The smart heat exchange system functions as follows:

–Is suitable for telecom sites with large power consumption due to room air conditioner;

–Is suitable for telecom sites with a large indoor and outdoor temperature difference;

–Is suitable for telecom sites located in areas with poor outdoor air quality, and which are thus not suitable for an outside air ventilation system.

10Smart heat pipe system for telecom sites

The smart heat pipe system functions on the basis of utilizing the indoor and outdoor temperature differences. When the difference between outdoor air temperature and base station room temperature (indoor) exceeds a certain value, the smart heat pipe system create a dynamic thermodynamic balance through the evaporation and condensation cycle in the closed pipeline.

The solution uses the outdoor/indoor temperature difference to rapidly transfer the heat from indoor to the outside, reducing the base station room temperature (see Figure 10-1).

The use of the base station smart heat pipe system can reduce the operation time of the base station room air conditioner to achieve energy saving and reduce consumption.

The base station heat pipe system adopts the solution in which the evaporation section and the condensation section of the heat pipe are separate and located in two different places indoor and outdoor.

A pipeline connect the evaporation section and the condensation section so that the system can realize efficient, high-density and long-distance heat removal without damaging the external protection structure of the base station. The composition of the system is shown in Figure 10-1 and described in clause 10.1. Clauses 10.2 and 10.3 describe the control strategy and the application scenarios respectively.
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Figure 10-1 – Smart heat pipe system for base station

10.1System composition

The base station smart heat pipe system is mainly composed of intelligent controller, outdoor unit, indoor unit, outdoor fan, connection pipeline, temperature and humidity sensors, and room air conditioner.

The intelligent controller is the core of the system. It collects, stores, calculates and processes various environmental parameters inside and outside the base station room through various ports, and controls the operation of the system according to previously set parameters.

The indoor unit draws in cold air from the circuit of the outdoor unit, and lowers the temperature inside the room by transferring heat from the room to the evaporator. The liquid working medium inside the pipe evaporates and flows through the pipe to the condenser in the outdoor unit. The working fluid vapour is cooled by the outside air, releasing heat in the condenser, and changes to a liquid state. The liquid working medium then flows through the pipe back to the evaporator. This process, which occurs repeatedly, cools the room by continuously transferring heat from the room to the external environment.

The whole process is completed by the thermal balance of the working medium itself, and circulation of the working fluid is accomplished by the force of gravity, driven by the natural temperature difference between indoors and outdoors. The temperature of the fluid coming from the evaporator is a higher temperature so naturally it tends to go up and the fluid temperature from the condensation unit is lower so it tends to go down, as the outdoor unit is placed higher with respect to the indoor in order to realize the cooling with high efficiency and energy saving.

The room air conditioner will only be turned on by the intelligent controller if the indoor temperature exceeds the pre-set threshold value.

10.2Control strategy

The control strategy of the smart heat pipe system is mainly based on indoor and outdoor temperature data. The target temperature of indoor temperature control is indicated by T0, the indoor unit ventilation system starting temperature is indicated by T1, the room air conditioner starting temperature is indicated by T2, and the equipment shutdown temperature is indicated by Ts, where T2 > T1 > T0 > Ts.

It should be noted that:

1)When the indoor temperature is lower than Ts, the heat pipe system and room air conditioner stop working to save energy.

2)When the indoor temperature reaches T1, and the temperature difference between T0 and the outdoor temperature meets the operating conditions of the system, the heat pipe system starts to run. When the temperature drops to Ts, the system stops running.

3)When the heat pipe system is unable to meet the indoor heat load and the indoor temperature rises to T2, the air conditioner should be started, and if the base station generates a high temperature alarm, the air conditioner should be started immediately. When the temperature drops to Ts, the air conditioner stops running.

4)When the indoor temperature is higher than T2 and the air conditioner cannot start due to a fault, if the indoor temperature is higher than the outdoor temperature, the heat pipe system should be started.

10.3Applicable scenarios and conditions

Smart heat pipe system functions as follows:

–Is suitable for telecom site with large power consumption due to room air conditioner;

–Is suitable for telecom site with large indoor and outdoor temperature difference;

–Is suitable for telecom sites located in areas with poor outdoor air quality, and which are not suitable for outside air ventilation systems.

The liquid cooling technology has the advantages of high heat dissipation efficiency and low energy consumption, and is expected to be applied to telecom sites in the future [b-ETSI TS 103 586]. This subject will be further developed in future versions of the this Recommendation.

11Intelligent energy management system in telecom sites

The intelligent energy management system for telecommunication base stations is a smart energy monitoring and management platform specifically tailored for telecommunication base stations. It has many functions such as statistical data analysis, data mining, energy consumption evaluation, energy consumption optimization and energy saving control. From the perspective of the application layer, network layer and energy layer, each subsystem coordinates with the others and is controlled in a unified way. It can address more management issues than the management system in traditional telecommunication sites. The system is depicted in Figure 11-1, and described in clause 11.1. Clause 11.2 describes the control strategy.

[image: img]

Figure 11-1 – Intelligent energy management system 

11.1System composition

As shown in Figure 11-1, the management system is composed of sensors, controllers and various measuring instruments distributed in the power supply unit and other equipment in the base station, cable or wireless networks for data transmission, and servers. The instruments are used to collect data that is later processed by the management system. All equipment in the base station work in a unified and orderly manner under the control of the intelligent energy management system.

11.2Control strategy

Sensors and measuring instruments collect data such as voltage, current, power at input and output of power supply and power supply temperature. The parameters of fluctuation of the internal and external environment conditions of the base station are also collected. These data are uploaded to the server at the cloud platform in real time either through a cable or a wireless network. The management system dynamically analyses and processes these data, adjusts the temperature control equipment (cooling solution) and the power supply equipment in the base station through the intelligent controller, which is able to support the different environment or load conditions in the base station. The management system can also maximize the energy efficiency of the base station. At the same time, the management system may help operators focus on some potential safety problems.

Thanks to a large amount of data analysis and collection, the management system can achieve continuous optimization, utilizing, for example, artificial intelligence routines to learn by itself, and to select the management mode which is most suitable for base stations. The operation of intelligent energy management system can greatly reduce the pressure of operation and maintenance personnel, and better help them identify and solve issues in a timely manner. At the same time, it helps the communication base station to operate safely, efficiently and greenly.
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SERIES L: ENVIRONMENT AND ICTS, CLIMATE
CHANGE, E-WASTE, ENERGY EFFICIENCY;
CONSTRUCTION, INSTALLATION AND PROTECTION
OF CABLES AND OTHER ELEMENTS OF OUTSIDE
PLANT

Smart energy solution for telecom sites

Recommendation ITU-T L.1380
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