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Introduction  

5G network slicing enables the operators to build agile and flexible networks to cater to multiple use cases in different 

industry verticals. By far, the main capital and especially operational benefit of network slicing is the simplification of 

network infrastructure to a single, shared network to deploy multiple services. For this, automation is critical. These 

services are made possible through several automation technologies including software defined networking (SDN) and 

network function virtualization (NFV) to incorporate different layers of access, transport, and core domains of a network 

to create custom slices for each use case.  

 

Smart grid is one of the industry verticals that has the potential to be revolutionized by networking slicing. Smart grid 

uses cases like unmanned aerial vehicles (UAV) based grid maintenance, milli-second level precise load control, and 

advanced metering infrastructure will be able to use different slices of the network for optimal operations. 

  

However, despite all these benefits and potential use of network slicing in smart grids, the economic benefit of using 

network slicing is difficult to accurately quantify. This study focuses on evaluating the commercial values of this 

technology from both quantitative and qualitative angles:  

1. Comparison of total cost of ownership (TCO) for power grid customers: Problems with current grid communication 

systems and the comparison of total investment costs with 5G network slicing.  

2. Return on investment (ROI) indication for a network operator: Evaluation of ROI from 5G network slicing enabled 

smart grid. 

 

The application of 5G network slicing in smart grid is still on pilot phase and is steadily advancing. Large-scale 

deployments are expected to start as early as 2022, considering the maturity of network slicing standards and the pace 

of 5Gconstruction. The goal of this whitepaper is to shed some light on the economic benefits for operators and utilities 

looking to evaluate the potential of network slicing and the business case around it. 
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1.0 Communication technologies in smart grid of today 

The term “smart grid” is commonly used to encompass a variety of digital activities in the electric power grid that aim to 

modernize the conventional electrical system through digital information flows and remote control. A smart grid is an 

intelligent and digitized electricity network supplying electricity in an optimum way from the generation source to end 

users. Smart grids have the potential to revolutionize the generation, transmission, distribution, and consumption of 

electricity by using the two-way flow of information between utilities and power devices. The following seven digital grid 

applications, all of which rely heavily on communication technologies, are broadly categorized today under smart grid: 

1. Advanced metering infrastructure (AMI) 

2. Distribution automation (DA)  

3. Unmanned aerial vehicle based grid inspection & maintenance 

4. Precise load control/demand response (DR)  

5. Intelligent environment monitoring of substations  

6. Vehicle to grid (V2G) interaction  

7. Distributed energy resources (DERs) & virtual power plants (VPPs) 

 

Utilities across the world are appreciating the importance of smart grid and heavily investing in improving and 

digitalizing the grid infrastructure. For instance, China is very close to fulfilling its aim of building a stronger smart grid 

by 2020 and plans to invest approximately $77 billion [1] in smart grid infrastructure over the next decade.  

 

1.1 Communication technologies in power grid 

One of the most important factors responsible for transforming the vision of smart grids into reality is a reliable and 

economical communication infrastructure. Communication networks providing a flow of information and control 

between grid devices and utilities form the “central nervous system” of a smart grid. Intelligent control and monitoring 

enabled by smart communication technologies are making it easier to detect and recover problems such equipment 

failures, capacity constraints, and power outages, lessening the impact caused by natural disasters. 

 

1.1.1 Existing communication technologies used in power grid 

Different communication technologies, both wireless and wired, are being deployed by power utilities across the globe 

to achieve different targeted functions of smart grid applications. Power line communication (PLC), Nb-IoT, WiFi, 

wireless radio (RF), cellular technologies (3G, 4G/LTE) and satellite communications are being used globally to realize 

envisioned smart grid infrastructure. Utilities use communication networks based on a combination of two or more of 

these technologies for grid access, backhaul, and backbone communications based on specific applications. 
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The following table summarizes the communication technologies used for the four use cases in smart grid application 

that are going to be the focus of this paper. 

Table1: Current communication technologies used in power grid 

Smart Grid Use Case 
Wireless 

Radio 
(RF) 

PLC Nb-IoT WiFi 
Cellular 

(3G, 
4G/LTE) 

Fiber/DSL Satellite 

Advanced metering 
infrastructure 

 √ √  √ √  

Distribution automation     √ √  

UAV-based grid 
inspection √   √ √   

 

1.1.2 Limitations of communication technologies in power grid today 

An ideal communication infrastructure for smart grids needs to be highly reliable, scalable, and capable of handling a 
large volume of data. Current communication systems implemented for smart grid applications have their own limiting 
factors, which must be considered before choosing the right technology for emerging digital applications in the grid. 
The table below summarizes key challenges faced by current communication technologies in grid applications. 

 

Table 2: Limitations of current communication technologies in smart gird 

Comm. Technology       Limitations for Smart-Grid Application 

PLC 

 Scalability 

 EM interference issues 

 High maintenance 

 Limited bandwidth 

Fiber / DSL 

 High deployment costs 

 Expensive to scale 

 Complex construction (ditching & cable 
burying) 

 Long implementation time 

Wireless Radio / WiFi 
 Limited network bandwidth 

 Limited coverage area 

 Security risks 

Cellular (3G, 4G, LTE, Private LTE) 

 High power consumption 

 Coverage issues inside and buildings and 
basements (e.g., AMI applications) 

 Shared network with mobile users and lacked 
of QoS guarantee from operators if applying 
public network 

 High investment and maintenance costs for 
large-scaled full coverage if constructing 
private LTE network 

Satellite 
 High deployment costs 

 High latency 

 Low bandwidth 

 

Table 2: Limitations of current communication technologies in smart gird 

 

Table1: Current communication technologies used in power grid 
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1.2 Benefits of 5G network slicing for smart grid 

Digital technologies are progressively transforming the power grid and providing necessary momentum to pursue 

energy strategies that can contribute to reliable and efficient energy availability globally. The transformed grid needs 

better control and monitoring functionalities, thus a higher level of grid automation. This means higher communication 

requirements: (1) high device density to connect thousands of devices within one location; (2) high bandwidth to allow 

massive data to flow from multiple devices stably and simultaneously in maintenance and substation monitoring; (3) 

ultra-low latency for fault detection, isolation and recovery devices to operate within one power cycle (e.g., 20 ms 

power cycle for 50Hz frequency) for distribution automation; (4) and very high network security and isolation to protect 

the smart grid from increasing cyber security risks as seen in the recent cyber-attacks on utilities. (5) In addition, 5G 

network slicing is highly scalable as the number of devices increases, compared to other networks including private 

LTE. 

 

1.2.1 Network slicing overview 

Fifth Generation (5G) is the new generation upcoming cellular technology promising a network with significantly high 

throughput, better coverage, and higher levels of reliability. However, the most important and distinguishing feature of a 

5G network is network management that allows the mobile operators to create multiple virtual networks within the 

single physical 5G network layer, also known as “network slicing.” 5G network slicing provides on-demand network 

customization, service isolation, and automation. Customers can gain the benefit of a customized network tailored to 

their specific requirements governed by service level agreements (SLAs) in a cost effective, timely, and efficient way.  

Below are the three key slice types defined by 3GPP for network slicing that are directly relevant to a smart grid. 

 

Enhanced mobile broadband (eMBB): 

Two key facets of eMBB will drive adoption and value creation in the 5G economy. The first is extending cellular 

coverage to a broader range of structures including office buildings, industrial parks, shopping malls, and large venues. 

The second is improved capacity to handle significantly high volumes of data, especially in localized areas. The 

improvements to the network will enable more efficient data transmission, resulting in a lower cost-per-bit for data 

transmission, which will be an important driver of increased use of 5G mobile networks. 

 

Massive machine-type communication / massive IoT (mMTC): 

5G will build upon earlier investments in traditional machine-to-machine (M2M) and IoT applications to enable 

significant increases in economies of scale that drive adoption and utilization across all sectors. 5G’s improved low-

power requirements, ability to operate in licensed and unlicensed spectrum, and ability to provide deeper and more 

flexible coverage will drive significantly lower costs in massive IoT (MIoT) settings. This will in turn enable the scale of 

MIoT and drive much greater uptake of mobile technologies to address MIoT applications. 
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Ultra-reliable low latency communications (uRLLC): 

uRLLC represents a new market opportunity for mobile technology. This significant feature of 5G will provide better 

support for applications that require high reliability, ultra-low latent connectivity, and strong security. This will allow 

wireless technology to provide an ultra-reliable connection that is indistinguishable from wireless to support applications 

such as autonomous vehicles and remote operation of complex automation equipment. 

 

1.2.2 Applications of 5G network slicing in smart grid: 

Increasing connectivity in smart grids is posing new communication challenges that demand a network flexible enough 

to manage the diversification of grid services and meet the required reliability. 5G provides a unified network to address 

these requirements through network slicing, making it a potential candidate to improve the overall performance of the 

smart grid. From a network operator’s perspective, smart grid services can be categorized into three types: 

 

Industrial control services where in addition to information flow, high speed control is required, such as with 

distribution automation and demand response. 5G network slicing can be useful in providing ultra-low latency and ultra-

reliability for these applications. These would fall under the ultra-reliable low latency communications (uRLLC) category 

of 5G usage. 

 

Information collection services require information flow from a large number of devices sending monitoring data from 

devices at the grid edge. This includes use cases like advanced metering infrastructure, distributed generation, and 

distribution automation. The high device density and reliability of 5G network slicing can play a crucial role in these 

applications. These grid services fall under massive machine type communications (mMTC). 

 

HD image and video processing applications including use cases like UAV-based grid inspection and intelligent 

environment monitoring of substations require a very high bandwidth to send real-time high quality image and video 

data for processing in the cloud. These use cases will require the enhanced mobile broadband (eMBB) slice of 5G 

networks. 

 

5G network slicing promises to address the limitations of existing communication systems for smart grid use cases. For 

example, poor energy efficiency and connectivity issues inside buildings and crowded areas or previous 

communication technologies can be addressed using its evolved network architecture using an increased number of 

base stations with high device density and reachability, promising a much higher quality of service. 5G network can 

help to address multiple sections and service requirements of power grid in a unified manner using only one type of 

communications network, consequently making a smart grid cost effective for utilities and energy consumers.  
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Currently, telecom operators across the world are experimenting with 5G network slicing technology. With various 

network slicing pilot projects planned to come online this year, this could be an interesting time for network operators to 

look into utilities implementing smart grid use cases as a potential customer for network slicing. Given the current 

paradigm, where existing technologies have bottlenecks and larger utilities are being forced to implement private fiber 

or LTE networks, network slicing could be an optimum and much needed solution to cater to a smart grid’s higher 

requirements in the flexibility of communication technologies. In addition to smart grids, 5G network slicing could 

revolutionize smart cities, autonomous driving, and industry automation, creating a win-win relationship between 

network operators and different vertical industries. Not only would individual users gain a better experience, but also 

vertical industries would create great value with the integration of 5G network slicing with industrial applications. 
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2.0 Use case study: Qualitative value assessment of 5G network slicing enabled 

smart grid 

Smart grid use cases demand a secure communications infrastructure that addresses the real time needs of utilities 

and consumers. The advanced features of 5G network slicing could help energy companies to tackle the challenges in 

a more efficient way. 5G major benefits and KPIs like device density, throughput, ultra-low latency and guaranteed QoS 

can be highly relevant for smart grid use requirements. For the four smart grid use cases considered, high performance 

indicators of 5G network slicing are highly dependent. The introduction of 5G network slicing would also be the enabler 

of potential business innovations for these use cases. 

 

2.1 Advanced Metering Infrastructure (AMI) 

A deep integration of advanced metering and 5G technologies enables electricity companies to understand, to a large 

extent, the real-time demand of power load by their customers and transforms the information interaction between 

electricity companies and their customers from one-way measurement to two-way interaction.  

1. Achieve real-time load awareness from end users 

2. Achieve fast accommodation of distributed clean energy  

3. Improve energy efficient management of emerging businesses including EV charging poles (reasonable 

arrangement of charge efficiency and charge time of charging poles) 

4. Provide more effective usage and price based on usage patterns (peak pricing guidance) 

5. Provide precise guidance to increase the quality of power supply on grid end (e.g., too high or low voltage in the 

end, three-phase imbalance, unstable frequency) 

 

The key network slicing requirements for communications in the AMI use case using 5G are as follows: 

1. High device density (massive access, i.e., a greater number of terminals required)  

2. High network availability 

3. High security (information from end-users being transmitted on the network) 
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These requirements can be met using the mMTC slice of the 5G network.Figure 1: 5G network slicing for AMI 

 

 

 

 

 

 

 

 

 

 

 

2.2 Distribution Automation 

Based on 5G uRLLC, realizing ultra-low latency and super high reliability can effectively protect the information transfer 

in distribution automation, achieve millisecond level precise discrimination of a line fault, which is helpful to the rapid 

isolation of fault sections, and accomplish the rapid self-healing of a regional power supply.  

1. Ultra-low latency effectively enables ultra-fast fault detection and isolation 

2. Ultra-high reliability guarantees distribution automation devices to be real-time and online  

3. Increased reliability and optimization of distribution networks could realize the goal of 99.9999% supply reliability   

4. Edge sinking technologies enables the self-detection of supply ability, self-healing and energy efficiency 

management  

 

The key communications requirements for a 5G network slice for distribution automation are as follows: 

1. Ultra-low latency (for the ultra-fast operation of grid control and protection devices) 

2. High security (to ensure that power cuts do not occur due to cyberattacks on the system) 

3. High device density (thousands of grid control and protection devices connected at one site)  

4. High reliability 

 

Figure 1: 5G network slicing for AMI 
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These communication requirements of distribution automation can be met using the uRLLC slice of the 5G network. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3 UAV-based power grid inspection 

eMBB slices using 5G technology allows UAV-based patrol inspection, enabling high definition transmission of remote 

images, which can solve the problem of remote patrol inspection management. 

1. Facilitate the patrol inspection of transmission lines and towers in remote areas, increasing patrol frequency and 

efficiency 

2. HD imagery transmission enables defect recognition and early warning 

3. Enhance on-site management capabilities for emergency repairs 

4. Effective image transmission could also improve risk identification for lines and power supply equipment (e.g., 

ultra-high vehicle reaching warning distance to powered lines, construction causing equipment damage, 

unauthorized personnel entering powered area) 

 

The following are network slicing requirements for UAV based inspection using a 5G network: 

1. Ultra-high throughput (HD image and video transmission requiring Gbit/s bandwidths) 

2. Ubiquitous coverage and mobility (UAVs requiring geographical roaming in the network)  

3. Energy efficiency (better energy efficiency for UAV power consumption) 

 

Figure 2: 5G network slicing for distribution automation 
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These communications requirements can be met using the eMBB slice of the 5G network. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Carrying out aerial inspection using drones enables safer operations for a utility by avoiding hazardous man-hours and 

provides revenue saving opportunities in reduced maintenance costs, reduced inspection times, and early issue 

detection, resulting in timely maintenance and prevention of larger faults.  

 

2.4 Millisecond level precise load control 

Millisecond level load control has changed the extensive management of the traditional "pull-in" way (cut off a whole 

line load). It can manage users’ interruptible load flexibly and adopt a two-way negotiation mechanism to minimize the 

influence of end users’ cutting off load.  5G-based uRLLC slice fulfills millisecond-level response to users’ internal 

interruptible load, ensures the realization of precise load control, and increase the coordination between power supply 

and end load. 

1. Ensures rapid load management on user side 

2. Flexible management of internal load and reduction of the bad perception of usage (e.g., increase AC set 

temperature by 2-3 degrees, delay AC activation, reduce AC’s start frequency) 

3. In case of large scale load shortage in regional power supply, rapid response to users ensures the precise 

distribution between power supply and user load, and improves the ability of power grid to resist risks. 

 

Figure 3: 5G network slicing for UAV-based grid inspection 
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The following is the potential 5G network slice for this use-case: 

1. Ultra-low latency (in milliseconds for a quick response to increasing demand) [5] 

2. High network reliability (up to 99.999% to ensure appliances and machines can be operated instantaneously when 

needed) [6] 

3. High security (consumer appliances and industrial machinery to be controlled potentially; any cyber-security 

breach can cause significant loss) 

4. High device density (hundreds of thousands of devices to be handled at one site)  

 

Communication requirements of precise load control use case can be met using the uRLLC slice of the 5G network. 

 

 

 

 

 

 

 

 

 

 

 

2.5 Summary of 5G network slicing requirements 

The 5G network and its service-based architecture is a unified network that fulfills all the key communication 

requirements of smart grids including flexibility, reliability, latency, data rates, and bandwidth. Historically, network 

operators have not actively participated in providing communication services for grid use due to the variety of network 

technologies, including optic fiber and LTE private network, being used by grid operators. Another important reason is 

that the traditional 3G/4G public network is a large all-in-one channel, where operators cannot provide differentiated 

QoS/SLA protection for power customers. For example, if during the Chinese New Year, because of the large amount 

of consumer data transmissions the 3G/4G communication network becomes congested, then the AMI meter reading 

service will be greatly impacted.  

Figure 4: 5G network slicing for millisecond level precise load control 
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Such concerns have resulted in some utilities implementing private communication networks, including optic fiber and 

LTE, for specific use cases. 5G network slicing, with its potential to enable a more unified platform that addresses a 

wide range of use cases, can reduce cost through economies of scale. Due to the KPIs of 5G, network operators can 

offer a more reliable cellular communication platform to utilities than cellular networks of the past. Telecom operators 

can provide 5G network slices that enable utilities to implement smart grid use cases at scale.  

 

The following table summarizes the above mentioned smart grid applications and which 5G network slices that mobile 

network operators would need to create to meet the communication requirements of a smart grid: 

 

Table 3: Summary of smart grid requirements for 5G network slicing  

Smart Grid Use Cases 5G Network Slicing 

Advanced Metering Infrastructure (AMI) mMTC 

Distribution Automation uRLLC 

UAV-Based Grid Inspection eMBB 

 

In addition to the above four typical use cases, 5G network slicing will bring access technologies with higher security, 

reliability and economy, enabling increased innovations in smart grid use cases. Take distribution protection service as 

an example: 5G network slicing could keep the balance between flexible access and high security and reliability in 

services such as distribution PMU that has features including wide-range distribution, high bandwidth requirement (the 

traffic bandwidth between terminals is approximately 4Mbps and keeps continuous high-frequency communication 

traffic), low transmission latency (requires ms-level network latency), localized policy control, ultra-high security and 

reliability. 

 

 

 

 

 

 

 

Table 3: Summary of smart grid requirements for 5G network slicing  
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3.0 Business model exploration for 5G network slicing enabled smart grid  

Given the features of 5G network slicing, it has direct benefits for smart grids. However, it is important to consider how 

telecom operators could benefit from providing 5G network slicing services and the business models that operators 

could adopt to serve this emerging market.  

 

3.1 Technical feasibility: How to use 5G network slicing to enable smart grid  

5G network slicing, a set of logical networks that runs on a shared infrastructure, provides a customized network based 

on guaranteed SLAs with a certain independent operational capability for users. 5G network slicing has three key 

features: differentiated and guaranteed QoS/SLA assurance, service isolation, independent operations. 5G network 

slicing fully integrated software defined networking (SDN), network functions virtualization (NFV), service-based 

architecture (SBA) and other automation technologies to meet specific requirements of different customers. Therefore, 

operators can provide 5G network slices with functions corresponding to different industry use cases under a single 

physical network layer. 

 

As discussed in chapter two, various use-cases within the smart grid industry vertical have different communication 

requirements based on the varying response time, data transmission, and number of devices. In this case, network 

operators need to work closely with utilities to create network slice templates and architecture designs to provide the 

right network slice and capability to adjust the slice for each use case. Figure 5 gives an overview of the slice design 

and instantiation process. This approach enables operators to create, manage, and maintain multiple network slices for 

various use cases for one or more utility customers in a unified way. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Slice creation and instantiation process 
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The end-to-end (E2E) architecture of a 5G network consists of a core network, transport network, and access network 
that interact with the grid-edge devices for smart grid use cases. These three domains of the network are crucial to 
implementing 5G network slicingfor a smart grid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The three network domains consist of multiple network functions, physical and virtual, that enable the domains to 

function using a layered framework by pairing different functions in all the domains to form unique slices for the 

different smart grid use cases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Operators could provide different network slicing configurations for specific requirements of use cases and provide full 

services during the E2E slice’s lifecycle. This can vary depending on the business model pursued by the operator and 

the agreed terms of service, which could include deployment and enabling, KPI monitoring, maintenance, slice 

optimization, and decommissioning.  

Figure 6: Three network domains for network slicing in 5G(BSS) 

Figure 7: Network slices across network domains 
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3.2 Commercial feasibility: Potential business models for 5G network slicing enabled smart grid 

Looking at the smart grid value chain in Figure 9, it is quite clear that utilities are the key customers for operators within 

the value chain. Other software providers can act as influencers, but the direct customer will, in most cases, be a utility 

for operators’ services.  

 

 

 

 

 

 

 

 

 

Figure 9: Smart grid value chain 

Figure 8: Examples of 5G network slicing enabled smart grid
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In the past, telecom operators have not been very actively involved in the utility sector. Utilities prefer using their own 

communication solutions like PLC, Nb-IoT, and eLTE networks for their grid communication requirements. Part of the 

reason is the nature of utility applications not being very well suited for a single shared network without a guarantee of 

quality of service (QoS). Operators need to provide a network with a high QoS guarantee for utilities to shift devices to 

their networks. 5G network slicing can be an entry point for utilities as a provider of a unified network. Network slicing, 

even though still a shared network, can meet the customized requirements of all smart grid use cases for utilities and 

go beyond by creating additional monetary value-add for utilities through new use cases and cost savings.  

 

Historically, operators, when providing connectivity to utilities, followed a fixed rental fee per device model. The pricing 

of services did not vary based on the bandwidth or other KPIs of the network. This was primarily the case due to very 

low current communications requirements for connected devices like smart meters. However, operators need to move 

beyond a fixed rental fee per device business model for higher gains. This requires a change from providing services 

as a subscription for productivity only to a network as a service business model. What this means is that apart from a 

fixed price per device, operators need to charge based on the performance-based KPIs of the customized network 

slice, essentially charging for performance-based service level agreements (SLAs). An evolved business model for 

operators providing connectivity based on network slicing could be priced based on value-add for the utilities due to the 

use of 5G network slicing (Chapter 2). Operators can charge a premium based on the revenue-share of this total value-

add. 

 

Providing network slicing as a service, operators can provide additional value-added services like slice management 

platforms, where utilities can have an easy-to-use interface to receive network data with all the key variables to ensure 

that SLAs are being met, add/remove devices from the network without requiring a network operator’s assistance, and 

manage the network slices under use as required.  
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4.0 Sampling Analysis: Quantitative value assessment of 5G network slicing enabled 

smart grid 

4.1 TCO comparison from utility customers perspective: Fiber vs. 4G LTE vs. 5G network slicing 

While there has been significant progress and publications regarding the technical implementation of network slicing, 

there have been no publications regarding to quantitative analysis and return on investment (ROI) for operators looking 

to implement network slicing to cater to various use-cases in the smart grid industry and beyond. In the meantime, 

analysis of total cost of ownership (TCO) required by 5G network slicing enabled vertical industries is also in need. To 

address this question, IHS Markit compared the TCO of network slicing with existing technologies like fiber optic 

networks and private eLTE networks used by utilities around the world, including China. 

 

As a starting point, this analysis was performed for utilities in a hypothetical district in China as the subject and sample 

of this study, which is assumed to have, in year 2022, around 120,000 devices connected through a fully functional, 

network slicing enabled 5G network. The ratio between the devices was adjusted to ensure that the district is 

representative of the overall Chinese grid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

For this district, total cost of ownership (TCO) of the fiber optic network was estimated using the capex and opex, and 

the interface transformation fee per terminal for all grid devices connected through the public and private fiber optic 

network. To estimate the eLTE TCO, the capex and opex of the required network equipment, including the base 

stations, core network and tower lease, were considered, in addition to the chip/module transformation cost per 

terminal connection. Estimating the TCOs of 5G network slicing would consider the differentiated QoS/SLA 

requirements based on different use cases, while subscription fees paid to operators for different levels of slices, or 

services (NSaaS), could be converted to different monthly fees in accordance to varied service terminals (different 

ARPU). 

Figure 10: TCO comparison from utility customers---devices/terminals 
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The figure below compares the TCOs for using a fiber optic network, eLTE, and network slicing to connect all the 

devices in our assumed district. The starting point was set as 2022 because IHS Markit believes that major 5G network 

slicing infrastructure investment will begin to flow in that year. The cumulative cost for the operator to provide a 

connection to these grid devices through 5G network slicing would be around USD91.4 million during 2022-2030. 

Connecting the devices via a fiber optic network would cost USD711 million during 2022-2030, using a mix of public 

and private networks, whereas eLTE implementation to connect every device using a dedicated private network would 

cost USD152 million during 2022-2030. Network slicing is the lowest cost option in terms of cumulative TCO and 

considering infrastructure expenses.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: TCO comparison from utility customers---cumulative cost by year (USD) 

Figure 12: TCO comparison from utility customers — cumulative cost by year (USD) — Adjusted axis 
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One thing to be noted is that the TCO calculations were done assuming all the required capital expenditure to get the 

networks up and running would have to be spent upfront. Hence, year on year cost increases represent opex costs 

once these networks have been implemented, as well as the growing number of devices to be connected in future 

years, resulting in network upgrades. 

 

 

 

 

 

 

 

 

 

 

 

One of the key reasons for the lower overall cost of network slicing compared to dedicated networks is network sharing. 

The ability of network slicing to cater to the custom needs of different use cases in industry verticals using the same 

physical network helps the operator avoid over-provisioning the network, which in turn leads to significantly reduced 

hardware capex for each use case as the number of use cases increases. With network slicing, the operator could use 

the same infrastructure for other use-cases in different industry verticals. The operator can still provide the same level 

of QoS/SLA customization for each use case without having to implement additional physical infrastructure. This 

dramatically reduces the TCO of network slicing, helping operators achieve a higher return on investment. 

 

4.2 Indicative ROI analysis from operators perspective 

Using this calculation of TCO to evaluate an operator’s ROI for the three smart-grid use cases in our district and 

analyzing the value-add for utilities from using network slicing (revenue addition/savings). For the sake of simplicity, a 

price per device model was used to calculate the operator’s annual return from the utility. Assuming an operator 

charges $200/year for distributing automation devices, $20/year for AMI, and $40/year for UAV devices, the operator 

can break even in less than five years, starting in 2022. 

 

Figure 13: Annual operator after initial capex 
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Total ROI of two typical use cases has been estimated to make the business case that the smart grid is a profitable 

application for operators to apply network slicing (Figure 15-16). There is a positive ROI within five years for telco 

operators providing network slicing for utilities. However, if we take a deeper look into the use cases, we see that the 

ROIs for some use cases are quicker than others, making them more attractive as an initial use case for operators to 

serve. 

 

 

 

 

 

 

 

 

 

 

Figure 14: Total indicative ROI analysis 

Figure 15: Indicative ROI— Distribution automation use case 
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Distribution automation provides the highest ROI, given the high operator pricing for the uRLLC slice, followed by AMI 

and UAV-based maintenance. Operators and utilities need to agree on smart grid use cases KPIs to evaluate the 

pricing structure for all use cases, followed by using different price structures for different network slices based on 

QoS/SLA. Utilities and operators could both benefit as utilities can obtain better customized network services while 

saving costs, thereby improving the operational efficiency of the grid itself while eventually offering higher service 

quality to end users. 

 

In addition to technical and commercial feasibility, it is important to note that a large-scale application in the smart grid 

also requires 5G network slicing to address related problems such as policy and management regulations, as well as to 

pass strict third-party security and reliability test. 

 

 

 

 

 

 

 

Figure 16: Indicative ROI— AMI use case 
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5.0 Conclusion 

Network slicing offers significant benefits to utilities implementing smart grid use cases. Network slicing, as an 

ecosystem, provides these benefits by adapting to different use cases and opening new applications, so far limited by 

current communications networks. By addressing some of the limitations of current networks, network slicing offers 

significant value-add to utilities and an opportunity for telco-operators to work more closely with utilities.  

 

However, it is important to see beyond the technical benefits. It is well understood that the attractiveness and 

commercial viability of network slicing is due to its ability to serve multiple use cases using the same physical network. 

For an operator to consider implementing network slicing for smart grid use cases, it is crucial that it evaluate other 

industry verticals, as well to identify more use cases that can be served using the same network, to maximize its return 

on investment.  

 

 

 

 

 

 

 

 

 

 

If an operator successfully implements 40-50 or more network slices for different use cases under one infrastructure, it 

can break even on its investment in 2-3 years, depending on its pricing structure and the value-add of network slicing 

for different use cases. Smart grid use-cases and many other industry verticals would require a flexible and 

customizable network to support the growing high-end communication requirements of end-applications. Operators 

could prioritize quicker ROI use cases as a starting point before expanding to other use cases in each application. 

 

It is clear, though, that if an operator wants to be a part of the transition to the digital economy, it will need to embrace 

the shift toward network slicing as soon as possible. An investment in network slicing would put an operator in a better 

position to benefit from the increasing revenue potential and importance of communication networks in the near future.  

Figure 17: Comparison of different network slicing use cases for operators 
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