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Abstract: 
A study in Smart Grid and telecommunications in SA1 could lead to useful results, as this sector has specific needs that are today only partially served by existing 3GPP standards.
Discussion
Smart Grid refers to the application of communications and IT to the needs of the electrical system: from generation to transport, to distribution, even including the consumers of electricity. The European Commission Task Force for Smart Grids defines them as 
"A Smart Grid is an electricity network that can … efficiently integrate the behaviour and actions of all users connected to it – generators, consumers and those that do both – in order to ensure economically efficient, sustainable power system with low losses and high levels of quality and security of supply and safety. A smart grid employs innovative products and services together with intelligent monitoring, control, communication, and self-healing technologies in order to:
• Better facilitate the connection and operation of generators of all sizes and technologies.
• Allow consumers to play a part in optimising the operation of the system.
• Provide consumers with greater information and options for how they use their supply.
• Significantly reduce the environmental impact of the whole electricity supply system.
• Maintain or even improve the existing high levels of system reliability, quality and security of supply.
• Maintain and improve the existing services efficiently." [1]
This paper will consider how mobile telecommunications applies to services of the Smart Grid at a very high level, and identify areas of potential shared interest between utilities and the stakeholders in mobile telecommunication.
Even before application of ICT, communication has been important for managing the electrical system for decades. The main requirements for electrical system management are to monitor and control critical components of the power system, assure resilience of power supply by preventing failures and responding to them when they occur, and assuring power supply quality. Analog and eventually digital communications enabled those responsible for different components of the managed electrical system in increasingly sophisticated ways. 
What distinguishes the ‘Smart Grid’ from earlier control and monitoring systems is the sheer diversity of the services that can be deployed and the degree to which they are needed through the growth of the electrical system, both in the amount of energy provided and the complexity of the overall grid. Above all, the overarching idea of automation of the grid, to evolve grid operations from a manual activity to an automated process, defines the needs and evolution under the concept of the Smart Grid, or an increasingly ‘Smarter’ Grid.
The requirements discussed below with respect to the smart grid relate to ‘traditional’ control and monitoring services, but also many new services that need communication to ensure proper operation of the electrical system (automation of the grid).
One key aspect of the ‘utility communication’ problem is the growth in demand. The following figure shows the historic and projected growth of global electrical generation capacity. [2]
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Figure 1: Electrical Generation Capacity and Sources Past, Present and Future
This figure is based upon the ‘Stated Policies Scenario,’ that is, the plans and actions of different energy generation sources – public and private. It is not clear that this scenario will apply, as there are good reasons to aim at greater efficiency and less demand: energy is very expensive to produce and deliver on the one hand, and the CO2 and other emissions resulting from electrical power generation is not sustainable. Flexible, efficient, clean and above all competitive effective means of providing alternative energy will be key to meeting ‘Sustainable Development’ objectives. This implies significantly more complicated generation, delivery and use of energy. 
A useful model of these alternatives has been proposed by the World Economic Forum, termed the “Grid Edge.” [6] They observe that there are three important trends, all reinforcing each other. Decentralization makes customers active elements of the system, though this requires significant coordination. Key aspects include energy efficiency, solar power generation, distributed storage, microgrids and demand response. Key technologies have emerged – such as smart metering, remote control and automation systems and smart appliances. Digitization in the form of electric vehicles, smart charging, heat pumps. These areas have been developed and have shown great promise and results in utilization rates. The future electric system will include these Grid Edge technologies. The key question is not how to achieve these services per se (as they are being developed by vertical industries in an access independent manner), but to identify how they can best be served by mobile telecommunications. We ask: how can the 3GPP System provide a compelling best fit for as many of the emerging services?
This is all associated with strict communication requirements both in terms of qualitative (networks -priority, resilience, etc.; and devices -environmental requirement, etc.) and quantitative aspects (pervasive coverage, etc.), as discussed below.
· Notice the ascent of Solar Photovoltaics (PV) and Other Renewables in the chart above. Renewables will rise from 26% globally in 2018 to 44% in 2040 (as a contribution to totally generated power.) 75% of all growth in electrical supply will occur in renewables, mainly due to technical advances and business rationale for investment (including supportive government policies.) [2] The integration of these forms of energy require coordination of the electrical grid with Distributed Generation (DG), which will be discussed further below.
· Another important factor is the emergence of Energy Storage (e.g. Battery storage) as part of the energy system. Some storage exists already, e.g. at generators to enable them to restart after they are forced to stop for some reason. The increased reliance on storage will make it possible to rely more on renewable energy sources such as wind and solar, that are not always available. Management of power storage as part of overall energy delivery is a further complication requiring additional management and coordination by the Smart Grid.
· In order to achieve clearly justified rationale for investment, greater efficiency in use and operation of the network, it is important to operate in such a way as to reduce peak demand. This can be achieved (at least potentially) by involving the consumers in the electrical system, so that their energy intensive tasks can occur when energy is available. Different strategies exist – either charging different rates for use at different times or even giving the energy utility control the scheduling of energy intensive appliances. End user coordination for efficiency constitutes another important set of services to achieve the Smart Grid’s promise.
The electrical system includes four ‘building blocks’: Generation, Transmission, Distribution and Consumption. Different countries have different mixes of entities that provide electrical generation, transmission (long distance) and distribution (shorter distances, all the way to the consumers.) Service providers may be a mix of government and private entities. The use of Smart Grid services is needed at every level, and across the different building blocks. 
It is also important to mention, at a very high level, the services and communication that typically occur across the electrical system. The figure below is adapted from [4] and offers a simplified vision of the complex world of applications in utility operations.
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Figure 2: Utility Communication Services by Type and Building Block
Supervisory Control and Data Acquisition (SCADA) applications include Energy Management Systems and Distributed Management Systems in the figure above. These are real-time processes that monitor and control remote systems. SCADA, as standardized by the IEC defines application layer standards (both for the SCADA application, its enablers and interfaces to user processes “above” the application layer.) These applications run over any access that can support TCP/IP. This is indicative of the overall landscape. Communications for the Smart Grid is flexible – it can use whatever access satisfies the constraints of the utility operator.
Standards have been developed to address many of the requirements for the electrical system (to provide the services in Figure 2, and more) by the IEC, NIST, IEEE and EU (CENELEC, ETSI). These cover metering, monitoring, control, communications, operations, testing and more. There are even areas in which particular communication stacks have been developed and standardized – e.g. ITU-T G.9904 [3], a narrowband standard for power line communication (PLC) in premises, largely for smart metering. This is only one of many access networks used at the Consumption level of the electrical system, let alone the overall system. It is out of scope of this document to even outline the diversity of access networks, but they include fixed networks (e.g. xDSL), mobile telecommunications networks (2G, 3G and 4G), optical fiber, satellite communication and more. Please note that it is not assumed, nor ever been the case, that any single access technology will suit all needs in the utility communication sector.
Which communications technology is used for which link depends on several factors, which is really the topic of this discussion paper.
There is a great diversity of services and operating scenarios related to Smart Grid. Deployment and development in this field focus on only some services; there is no definitive list of services and their requirements. The purpose of this paper is to focus on the opportunity for mobile telecommunications to support a broader range of services and use cases for Smart Grid and Utility Communication in general. 
There are general characteristics of a communication system that make it more attractive for utility service providers:
· ‘Ubiquitous’ coverage – this is important for monitoring transit networks and management of operations in remote area.
· The Service Lifetime of utilities is much greater than in most commercial sectors that require communication services. This relates to the previous point (where CAPEX and OPEX must be minimized.) Investments for components of the power distribution system can exceed 40 years expected operation.
· Communications Security aspects of the infrastructure become much more important as Smart Grid services are deployed. This is an area in which utility providers need to invest much more attention and investment than they have in the past.
· Resilience is related to availability, but this focusses on the ability of the communications service to be restored in case of failure.
For this reason a few indicative services will be discussed that show the possibility for increased involvement of telecommunication in this sector. Highly promising scenarios are selected, to make the case for a study in SA1 as clearly as possible. 
1) Energy Management Systems Operation
Electrical generation operates as a critical component to the electrical grid. Beyond adjusting the quantity of power produced, the quality must be adjusted (characteristics of the current, etc.) Key Performance Indicators for this domain are:
· Availability: While there is not yet an agreed framework for reliability targets for smart grid services, it is broadly assumed that the strictest (most critical) services may require 99.999% availability. [4] This is a fundamental quality of service key performance indicator for Smart Grid services. The use of QoS (granularity of measurement, reporting and actions expected when requirements cannot be achieved) would be topics of study in SA1.
· Latency:   As low as 6 ms round trip for ‘tele-protection’ services.
2) Distributed Automation of Distribution Networks, given Distributed Generation with renewable sources and Energy Storage (Grid Edge technologies)
Communications exist already in power distribution, based on the monitoring demands of a unidirectional power system (Generation → Transmission → Distribution → Consumption.) In this system, the amount of data that needs to be transmitted is modest.
This system becomes much more complex as distributed generation and power storage is added to the overall system, as the flows now change into the system. This presents many more opportunities for failure, introduction of poor quality power (voltage and current characteristics,) and challenges for monitoring in general. This increases the demand for communications capacity significantly. Another factor that is expected to increase the amount of data to be communicated is encryption and other security services applied to traffic.
	Service
	Bandwidth (kbps)
	Latency 
	Availability
	Security

	Advanced Metering Infrastructure
	10-100
	2-15 sec
	99-99.99
	High

	Distribution Automation
	9.6-100
	100ms-2 sec
	99-99.999
	High

	Demand Response
	14-100
	500ms-minutes
	99-99.99
	High

	Distributed Generation
	9.6-56
	20ms-15 sec
	99-99.99
	High

	Electric Vehicles
	9.6-56
	2-300 sec
	99-99.99
	Moderate


Figure 3: Smart Grid Service Requirements on the Access Network [4]
· Capacity: while this is very modest now, it is expected to increase over time, especially due to the above trends. Capacity requirements will grow between 10-100x due to increase in amount of data needed. [5]
3) Consumer-Premises integration: Smart Metering and Demand Side Management
· Penetration: A significant challenge exists to reach power equipment. It is often housed underground or in other inaccessible locations (inaccessible in terms of radio propogation.) 
One common approach to handling propagation limits is to use a local network (e.g. Zigbee) to reach a number of meters, etc. locally. Local traffic is aggregated and then a ‘gateway’ provides communications access to Smart Grid services.
There are noteworthy opportunities that utility communication can offer to the mobile telecommunication sector.
· Utility operators have physical presence especially in populated and developed areas. This includes poles and other points in which communication equipment could potentially be stationed. Further, these places are also supplied with power. This could enable small cell deployment with reduced facility and leasing burden for network operators.
· In some cases, utility providers may have the possibility to leverage their rights of way to carry physical cables, etc. The implications resemble the observations in the previous point, for the purpose of establishing transit network infrastructure.
Conclusion
There are affinities between some of the service aspects described above: coverage is a concern also to mission critical services, support for SCADA applications requires ULLRC capabilities as have been developed for CAV in 3GPP.
3GPP would not be alone in an effort to study requirements for 5G communication to support the ‘utility communication’ vertical. There are organizations that study and advocate development in this field, the EUTC. In addition there is a substantial body of experience and standardization that can be leveraged – from the IEC, IEEE, ITU-T and other organizations.
Based on the above observations, study of significant opportunities brought by mobile telecommunications to the Utility Communication sector could yield very useful results. It is recommended to study particular service use cases that offer clear benefits, where the demand is highest (and fastest growing). The requirements identified for these services can then be assessed and compared to the capabilities of the 5G System. As a result, SA1 could identify new requirements for the 3GPP system.
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