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1. Substation Automation 

The focus of this paper is to provide an overview of developments in broadband power line 

technologies and solutions. The technology, referred to as Broadband over Power Lines (BPL), 

uses medium- and low-voltage power lines to provide broadband communication to residential 

users and businesses. BPL technology is shifting to providing broadband connectivity to support 

the smart grid. BPL can be used in utility settings for several business needs including: 

¶ Substation Automation (SA) 

¶ Distribution Automation (DA) 

¶ Advanced Metering Infrastructure (AMI) 

¶ Home Area Network (HAN) 

BPL has advanced significantly over the past few years and is positioned to deliver reliable 

communication for a variety of applications. The industry currently has several different BPL 

products available and itôs important to match their capability to application requirements.  The 

current generation 200 Mbps technology is being deployed on smart meter and smart grid 

applications and is proving to be a reliable and high performance method to deploy a single, 

high performance broadband IP network.   

2. Substation Automation 

2.1 Context 

Corinex technology provides a real-time solution for substation automation, improving 

substation service reliability. Intelligent electronic devices (IEDs)ðand systems that protect, 

sense and generate data on substation equipmentðoperate independently. Device 

independence makes it difficult to compile a comprehensive snapshot of substation conditions. 

Corinex technology provides an open based architecture over which most substation vendorsô 

IEDs can communicate using their native protocols over IP enabling fast and simple automation. 

There has recently been a vast improvement in networking technology that has changed 
dramatically what is now feasible for power system automation in the substation. 
 

2.2 Substation Automation Benefits 

Reduced O&M Expenditures. Using IEDs to monitor power factor in real-time will save on 

generation and reduce generation emissions.  Field time can be reduced through the reduction 

in time for diagnosing devices in the field.  Substation automation systems provide operational 

data that can be used to practice reliability-centred maintenance (RCM), allowing maintenance 

programs to be optimized for major substation equipment. 
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Reduced Capital Expenditures.  Substation automation systems can be used to capture real-

time power factor data to control system capacitance. Using serial communications with IEDs 

can ensure significant savings are obtained in reduced wiring costs in the control house. Use of 

IED capabilities will often reduce the need for substation equipment (Auxiliary meters stand-

alone annunciator panels can be omitted; and the need for control switches is reduced). 

Improved Customer Service. By communicating with all the IEDs across the utility, fault 

information is available in real-time, reducing the customer base affected and preventing 

outages in the future. Improved power quality is achieved through automated coordination of 

voltage regulation and capacitive control. 

Planning and Asset Management.  Grid Management can be improved through the use of a 

data warehouse. The data collected in local substations and metering points can be made 

available to both the SCADA master and to an enterprise-wide data repository. This data 

collection network provides a repository for critical system data, both real-time and historical.  

Safety and the Environment.  Substation automation projects increase safety, and can also 

impact on a utility's carbon footprint. By having greater automation for both substations and the 

lines, utilities no longer need to dispatch crews and truck rolls to visually inspect problems when 

faults occur. Substation automation can help determine where the fault is, utilities can send 

crews to a more specific location.  From an environmental standpoint, utilities can dramatically 

reduce their CO2 emissions. 
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Figure 1: Enterprise Wide Data Sharing 

Utilities are turning to Corinex to provide a BPL link between their communications backbone 

and intelligent end devices (IEDs). The high noise RF environment within a substation severely 

challenges wireless communication.  Alternatively, using fibre for broadband communications 

can be cost prohibitive. 

2.3 Challenges 

Å High RF environment within substation makes wireless communication impossible 

Å Distances of 300 to 400 m would traditionally require expensive cables  

Å Installation must be quick and easy 

Å Communication must provide speeds of >5 Mbps, and should ideally provide additional 

services such as VoIP and real-time alerts/alarms 

2.4 Approach Taken 

Å Corinex provided HD compact gateways that were preconfigured by the utility and 

mounted into cabinets offsite  
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Å The High Density gateways were installed by substation technicians in the substation 

facility 

Å Without any additional configuration, the system provided communication speeds 

between the intelligent end devices and the backbone of over 150Mbps PHY rates 

Å Additional network capacity above the required 5 Mbps can now be used for VoIP and 

alarms. 

RTU

NOC

IEDs

VOIP
 

Figure 2: IP for the next generation of utility networks 

 

As shown below, the Corinex HD gateways may be coupled using inductive methods in order to 

protect the equipment from any surges or transient voltage changes. Inductive couplers provide 

a cost effective and simple solution to couple BPL signal to existing lines without having to 

directly interface with the lines.  These couplers were also an effective solution as there was 

only 1.5 dB insertion loss per coupling. The gateways use ferrites that provide inductive 

coupling and inject the signal onto the substations command cable wires. The Corinex gateways 

allow IP traffic to be transmitted efficiently over the existing wires using the BPL signal.   

IP Networks 
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Figure 3: Sample installation diagram  
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There are numerous methods to couple the signal to wires and below is just a sample of the 

options available (for a complete list contact Corinex for additional technical support). Corinex 

devices may be connected to lines up 36 KV included lines that do not have any voltage at all 

allowing for truly any wire connectivity  

 

Figure 4: Coupling examples 

IEDs can be applied and interfaced with switch gear at the bay and station level.  The utility 

NOC can operate the controls remotely at the enterprise level within the control centre.  For 

example, P&C on MV is reachable through BPL and the IEDs can report in real-time to the 

system control centre.  Using 61850, several networks topologies can be derived and all have 

sub-second response times when connected over the BPL network.  Actual throughput 

generally exceeds 10 Mbps even in areas of high interference. Another advantage of using 

Corinex BPL devices is that it allows Ethernet traffic to pass (it does not have to be IP traffic). 

This is important because many utility applications transmit using Ethernet frames instead of IP 

packets. 
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Source:  Investigations of different Function Allocations in SA Systems enabled by IEC 61850, Klaus-Peter Brand 

3. Results in the Field 

CXP-HDA-GWYs are often mounted inside cabinets located inside the substation (pictures are 

shown below). The gateways are connected to each phase of the main transformers.  The 

signal propagation is reliable and is measured across several time intervals to confirm 

effectiveness. The approximate distance between the devices is up to 1 kilometre. 
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Figure 5: Installation of gateways in substation 
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Figure 6: Throughput of HD gateways in hourly, daily and weekly timeframes 
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Several connection types are possible and BPL gateways do have to be physically connected to 

the control cable. An induction coil at each end can be used to isolate the BPL injector from any 

electromagnetic default produce by the substation. During a recent application, the BPL modem 

was installed and monitored for several weeks to determine throughput and latency.  

As we see on Figure 6, the throughput of the product is very stable. 

The example on Figure 7 is documenting very short response time. 

 

Figure 7: Example response 

Utilities can further increase their benefits of Substation Automation by using BPL in place of 

cables or fibre for communications.  The BPL modems are developed to resist noise and offer 

bandwidth for advanced applications, as well as, voice communications for utility personnel 

anywhere in the substation. 
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4. Case Study 

A Utility was looking for a cost effective approach for substation communications that did not 

require installation of expensive fibre underground.  In their substation, the telecom solution 

includes BPL. Several coupler approaches were tested to determine the most effective solution 

for their needs.  The initial results of the trial prompted the engineer to specify BPL as a 

standard for this application.  ñThe value (of long term packet speed) was so stable, that I 

thought I lost SNMP packetsò a comment made by the Communication Engineer in charge of 

the field test. 

The Utility has established their smart grid blueprint and is continuing implementations beyond 

smart metering. 

5. IEC 61850 

IEC 61850 was designed to operate over modern networking technologies such as BPL and 

delivers an unprecedented amount of functionality that is simply not available from legacy 

communications protocols.  IEC 61850 has advantages on the cost to design, build, install, 

commission, and operate power systems. IEC 61850 enables fundamental improvements in the 

substation automation process.   

 

Corinexôs Smart Grid Connect head end has been developed to enable IEC 61850 compliant 

communications to allow for easy device communication and reduces the need to have multiple 

technologies.  It enables a single, IP network across utility applications. 

6. Benefits of Corinex BPL 

Corinexôs advanced BPL gateways and TDRs enable substation communication with the best 

price/performance over existing PLC and wireless technologies. 

BPL can achieve the following benefits: 

Å Reliable high speed communication in difficult, high noise environment 

Å Reduced Labour costs for installation and outages 

Å Additional bandwidth can be used for value added services such as VoIP and system 
alarms 

Å Reduced maintenance costs for networking systems 

Å Technology can easily be scaled up to larger facilities 

Å Connect a variety of devices using IP for interoperability 
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Figure 8: Cost per Mbps of various PLC technologies 

7. Conclusion 

Corinexôs compact and standard HD gateways offer a new approach for the implementation of 

Substation Automation. The communication technology is based on next generation broadband 

smart grid requirements and open standards, offering an approach for greater longevity of IP 

based networks for grid management. 


