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ABSTRACT
Extensive progress has been made recently in the development of active network management (ANM) schemes as enabling solutions to allow increased distributed generation (DG) to connect to networks that are currently considered to be at full capacity.   Deployment of an ANM scheme impacts on various aspects of network operation.  This paper is primarily concerned with the process of integrating ANM schemes into distribution control rooms, encompassing control engineer interactions with ANM schemes, the communications requirements and interface design of the schemes, whilst considering the human and technical factors of each.  There is a lack of clarity regarding this issue at present as ANM schemes are not yet widely deployed, and those ANM schemes that have been deployed followed a bespoke process of integrating them into the control room environment.  A set of rules that allow ANM schemes to be successfully integrated into a control room is highlighted and presented as a methodology with a full justification for each component stage.  Following this, the ANM scheme deployed on the Orkney Isles is presented as a case study, involving the application of the methodology presented in this paper for integrating the ANM scheme (deployed at the substation level) into the Scottish & Southern Energy (SSE) distribution control room.  The archival value of this work lies in its promotion of clarity on ANM control room integration methods and useful learning from early deployment of ANM, and this helpfully informs the research and industrial community on pathways for ANM development in the context of the moves towards a smarter grid.
1 INTRODUCTION
The UK is currently on a pathway towards active distribution networks and the trend is likely to gain momentum in the coming years.  The CIGRE report on the Development and Operation of Active Distribution Networks [1] provides the most recent information on the work ongoing in the area of ANM.  There are challenges to overcome regarding the implications of autonomous ANM operation and DG control on control room operations, including SCADA alarm volume.  Investigations into whether SCADA alarm volume could be affected by ANM deployment have shown that as expected, an active network is likely to produce more alarms than a passive network [2].  However, limited consideration has so far been afforded to how deployment of active controls will impact upon the control room and many of its operational procedures, although the findings in [3] suggest that the implementation of an active power flow management scheme to enable increased DG connection reduced the amount of voltage and tap changer alarms generated than if the DG was allowed to run unconstrained.  
The research presented in this paper is primarily concerned with the actual alarms being produced by ANM schemes, and more specifically, how the control engineer interacts with the schemes via alarms and interfaces.  At present, there are only a handful of ANM schemes fully deployed in the UK [4-6] (with a similar situation around the world), and as such, there is no consensus on the process for integrating an ANM scheme into a control room in terms of assigning SCADA alarms and providing an interface for control engineers.  It is assumed that there will be a multitude of new ANM schemes deployed on distribution networks so a well developed approach to integration is desired.  The methodology proposed in this paper serves as a guide to assigning alarms and telecontrols that are necessary and relevant to scheme operation.  It is also concerned with how the role of control engineers must change to manage active networks and the aim of the paper is to support control engineers throughout the transition to active networks by providing a robust set of rules to facilitate ANM scheme integration, and to inform current and future research on both control rooms and ANM schemes.  The methodology was developed in-step with a project to deploy an ANM scheme at the substation level on the Orkney Isles and integrate it with the host utility control room. 
A background to distribution networks and their operation and management is provided in Section 2 followed by a description of the daily tasks and responsibilities of distribution control engineers.  Section 3 describes ANM with examples of research, development and deployment stage ANM schemes given.  Some of the issues ANM will present in future distribution networks are also described, particularly the effects on control room operation and management.  A set of rules to apply when deploying an ANM scheme to the distribution network and integrating with the control room is presented as a methodology in Section 4 and each stage of the ANM-control room integration process is described in detail.  
Demonstration of the use and applicability of the methodology is given in Section 5 where the Orkney ANM scheme is presented as a case study.  The methodology presented in this paper was used to integrate the deployed ANM scheme with the SSE distribution control room.  Section 6 presents the conclusions of this research and some further work. 

2 DISTRIBUTION NETWORKS
Distribution networks (33 kV and 11 kV in Scotland, and 132 kV, 33 kV and 11 kV in England and Wales) were originally built for the purpose of transporting electricity from grid supply points (normally a transmission voltage stepped down to 132 kV or 33 kV) down to end-users (normally 11 kV stepped down to LV at 400 V, 3 phase or 230 V, single phase in the UK) and were planned to be essentially passive in operation.  Consequently, networks were fitted with limited monitoring and control capability.  Much of the monitoring and control was concentrated on networks at 33 kV or higher, but visibility of 11 kV networks has increased over the years.   The monitoring and visibility of LV networks is extremely limited.  
One Low Carbon Networks Fund (LCNF) project is addressing the issue of distribution network visibility at low voltages by utilising existing communications and SCADA facilities to collect more network information [7].  In order that distribution networks are prepared to accommodate low carbon technologies and ANM schemes, the visibility of distribution and LV networks must improve considerably.

2.1 The Distribution Control Room
Distribution networks are typically monitored and controlled from a distribution control room. Control engineers have a variety of tools at their disposal which allow them to manage networks and provide a secure supply of electricity to customers.

Data/information from the distribution network is collected via the Supervisory Control and Data Acquisition (SCADA) system.  Monitoring devices are located at various points on the network but concentrated in the higher voltage level networks.  Network analogues such as power, voltage and current are measured using transducers, while alarms and indications such as circuit breaker (CB) status or threshold warnings are communicated as digital values.  The information gathered from network devices is sent to their assigned Remote Terminal Unit (RTU).  These are located in substations and at various other select points in the network (see Figure 1).  Information is collected and forwarded according to SCADA protocols.  Operation of the SCADA system is reliant on its communications infrastructure. SCADA systems are networked through multiple communications links using a variety of technologies according to the importance of the information, cost and the available/appropriate channels.   
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Figure 1: Typical SCADA Network (Adapted from [18]) 
The SCADA data gathered by each RTU is then sent to the distribution management system (DMS) in the control room, and is presented in a SCADA alarm log window.  Historically, distribution networks were monitored and controlled using large wall mounted mimic diagrams and paper based management, with disturbances being handled manually [8].  Tracking advances in technology over the years, distribution network management procedures have also advanced.  Although manual analysis has remained part of the process in many distribution control rooms, the majority of larger Distribution Network Operators (DNO) now make use of a DMS.  The utilisation of a DMS facilitates streamlining of network operations by ensuring all concerned parties, such as the control room, field engineers, system planners and others involved with the operation of the network have access to the most up to date information regarding network status. The DMS described in [9] is widely used in the UK.  
A topology diagram of a DNOs entire network is available in the DMS, and it is from here that control engineers manage the network as the diagram provides access to telecontrols, such as switching.  Accompanying this, is the SCADA alarm log which control engineers monitor to ensure any actions they execute are complete.  A DMS may also have alarm processing, fault diagnostics and decision support depending on DNO preference and requirements and the chosen DMS’s capabilities.    

2.2 The Distribution Control Engineer 
The primary concerns of a control engineer are network and equipment safety and supply integrity.  They achieve this through vigilant management of the networks, made possible by the tools described previously and practices that draw on years of operational experience.  The control engineer takes responsibility for outage management for both planned and unplanned events.  
Planned outages, such as those to allow for maintenance to be performed, are scheduled in advance according to maintenance planning schedules.  The work is scheduled and carried out in very clear stages, each of which must be checked and reviewed by the control engineer to ensure that no customer supplies are affected, and that all plant and personnel remain safe at all times with all risks assessed.  The control engineer manages the outage from the control room by coordinating work steps with the field engineers and actions that can be carried out by the control engineer using SCADA telecontrols, via the network diagram interface in the DMS.  The control engineer will issue a Permit to Safety document to field engineers in order that they can carry out the work.  Each completed step must be confirmed with the control engineer and time stamped on the work schedule.  The control engineer monitors the progress of the outage using the network topology diagram in the DMS and the SCADA alarm log, ensuring that any actions taken are reflected in each.  
Unplanned outages such as those caused by faults are managed depending on the nature of the fault itself.  The control engineer can be alerted to the incidence of a fault through the DMS network diagram and SCADA alarm log, or through an emergency call centre if customers have reported a loss of supply.  Faults are usually managed by the protection system, however, permanent faults will require control engineer involvement.  Once a permanent fault has been located, it will be assessed to determine the best way of removing the fault and restoring supply to the customers.  

3 ACTIVE NETWORK MANAGEMENT
The impacts of DG on network operation have been studied with the effects on power quality [10], voltage stability [11], fault level and protection [12], voltage regulation [13], and DG stability [14] being well documented.  The research in this paper is more focused on the impact of DG at the control room level and how management procedures must adapt, and is original in that regard.  ANM of distribution networks is considered a cost effective means of allowing increased DG units to connect whilst deferring costly network reinforcements.  ANM schemes deployed to support increased DG connections add further to the changing operational philosophy of distribution networks.
ANM is widely understood to involve the reactive and/or proactive control of network parameters such as voltage and current, by means of real-time monitoring and closed-loop control.  ANM schemes allow increased generation to connect to the network and permit ‘spare’ network capacity to be utilised by taking action to ensure no regulatory or statutory limits are breached.  ANM schemes are being researched heavily in the UK and a number of schemes have been deployed onto networks for trial purposes.  The Central Networks Dynamic Ratings ANM scheme [5] allows increased power flow through overhead lines only at times when it is calculated safe to do so, and the Orkney ANM scheme [4] takes action to keep the system within power flow limits at multiple locations via set-point control of participating DG units.  EDF also deployed an active generation constraint system to allow the connection of an offshore windfarm [6].
ANM schemes will impact the control room as ultimate responsibility for the management of the network where they are deployed lies with the network control engineer.  The control engineer will be subject to new system conditions, information and interfaces.  They must also consider ANM scheme operation when planning outages and managing faults.  It is for this reason that when an ANM scheme is being deployed, careful consideration must be given to how it is integrated into the control room.  Each ANM scheme is unique and has different operating principles and therefore requires a different response/interaction from the control engineer.  As such, to date all deployed ANM schemes in the UK have been integrated into the control room on an ad-hoc basis and followed no standard or set guidelines.  As the UK continues on its path towards more active networks, the need for a robust, simple approach to control room integration applicable to ANM schemes of all types will be a necessity to facilitate effective integration and prevent a collection of bespoke and dissimilar schemes and interfaces in one control room.  Consideration of the issues presented in this paper should be given by projects in the LCNF [15], which are very much focused on trialling schemes, as the control room integration methodology could greatly facilitate deployment of trials.  
There has been recognition of the issues facing the control room in the future and some work has been carried out to facilitate the transition to active networks.  The need for better visibility of distribution networks is identified in [16] where a situation awareness tool fed from a state estimator is described as a necessity for control engineers managing a smart grid or active network.  A fully-integrated management scenario is described in [17] and justification for this reasoning is explained in detail.  As study conducted in 2004 assessed the feasibility of using the SCADA network to implement ANM [18].  There is also evidence of industrial interest from DMS developers and vendors taking steps to prepare for active network management requirements.  Vendors are currently involved in innovating control room technologies, including DMS and SCADA systems, to manage smart grids [19], and the development of effective technologies that will support smart distribution networks [20].  There is much evidence to confirm that there are preparations ongoing in control rooms for the transition to active distribution networks, with much of the work of vendors focused on implementing fully functional DMSs capable of managing larger smart grids.  The work in this paper serves to compliment current work in the area by facilitating integration of ANM through use of a logical and tested methodology.  

4 ANM CONTROL ROOM INTEGRATION METHODOLOGY
There are a number of fundamental challenges to address when integrating an ANM scheme into the control room.  These are considered in this section as part of a developed ANM Control Room Integration Methodology.  Figure 2 below shows the methodology in a diagrammatical format and each step is explained in further detail in Sections 4.1 to 4.8.
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Figure 2:  ANM scheme deployment methodology

4.1 	Characterise ANM Scheme
The characterisation of an ANM scheme is ordinarily mostly complete at the project inception stage, where thorough Requirements Specification and Functional Design Specification documents are produced.  This stage of the methodology builds upon these.  Scheme operating principles and limitations, the control philosophy (centralised or decentralised) and contingency modes are defined.  Clarification of manual and automatic controls that allow the ANM scheme to perform to specification is required here, and these are expanded upon in the ‘Establish Control Actions Available to the Control Engineer’ step later in the methodology. 

4.2	Determine Control Engineer Responsibilities
The responsibilities the control engineer has concerning the operation and management of the ANM scheme are contingent on the ANM scheme itself and its characteristics, as defined in Section 4.1.  An important consideration is the level of awareness that the control engineer has regarding the ANM scheme and this is largely dependent on how autonomous the ANM scheme is.  In order that the control engineer can meet their objectives, determination of the amount, type and frequency of information the ANM scheme should provide, and the type and frequency of control actions the control engineer performs is carried out.  Also dictated, is the level of detail in the control room interface.  Establishing this allows the monitoring and visibility requirements to be outlined, and this could involve exploiting existing monitoring capabilities of the network, or the installation of new monitoring equipment for ANM purposes. 

4.3 	Establish Information Required from the ANM Scheme  
The information that the control engineer will receive from the scheme, decided in the previous step, is likely to be delivered in the form of SCADA feeds.  Each segment of information from the ANM scheme devices and equipment must be categorised in two ways.  The first is to assign it a type; alarm, analogue or indication.  Alarms and indications both serve to warn the control engineer of a change in the system and the severity is noted by assigning a priority flag.  The priority flags escalate in severity from low priority through non-urgent, operational, and urgent to emergency.  There are also alarms specific to highlighting issues with the communications and SCADA network.    
As analogues provide measurement values, these do not appear in the SCADA alarm log, rather they are updated directly in the DMS topology diagram and/or logged in a data historian.
These considerations are valid irrespective of the location of the deployed ANM scheme, i.e. whether it is centralised or decentralised.  
Upon completion of this stage, the ANM scheme has a full list of alarms with assigned types and priorities.

4.4	Establish Control Actions Available to the Control Engineer
The control capabilities afforded to the control engineer are provided primarily for contingency purposes.  ANM schemes typically operate autonomously, however, on such occasions when this is not achievable (e.g. under abnormal network conditions), the control engineer must be able to manage the situation comfortably.  As such, the control actions (e.g. change set-point, open/close circuit breaker) should be easily practicable through the use of telecontrols. 
The control engineer also retains ultimate control over ANM schemes and the option to Enable/Disable a scheme must also be made available.
Upon completion of this stage, the control room has a full list of exercisable control actions available through telecontrols and the SCADA system.  This stage may have implications for ANM scheme design itself in order to accommodate the necessary controls.

4.5 	Determine Communications and Interfacing Requirements
Following on from the previous steps involving the assignment of the two way interactions between the control room and the ANM scheme, communication link requirements are considered.  Internal communications of the scheme itself are considered during the ANM implementation phase as they are tailored for the ANM scheme function.  
Communications between the ANM scheme and the control room will utilise the SCADA network where possible, including existing links, RTUs and measuring points.  Should a new communications link be required, the physical, technical and economic requirements are assessed based on the criticality of the information carried along the link thus allowing a cost/benefit calculation to be done to determine suitable specifications for communications to the deployed ANM scheme.  
Interfacing an ANM scheme with the control room can be done in one of two ways; a human-machine interface (HMI) can be developed within the existing control room DMS or a stand-alone interface can be built.  It is important to opt for the most suitable interfacing technique for the ANM scheme in question such that it can be managed effectively and the control engineers are at ease with how information and control options are presented to them.  However as ANM grows, standard approaches to interfacing are likely to be required.
In the instances where an ANM scheme HMI is to be integrated into the existing control room DMS topology diagram, the HMI will be designed to adhere to existing rules and protocols regarding the DNO use of symbols and colours in the topology diagram and associated elements, aligning the HMI with the environment that control engineers are familiar with.  
Simpler ANM schemes may not necessitate a full HMI, but rather they are interfaced via symbol and colour manipulation of the existing DMS topology diagram and screens.  Different symbol and colour combinations can be programmed to denote particular ANM scheme modes of operation if desired.
Development of a stand-alone HMI allows an amount of freedom regarding layout and presentation; however operators must then contend with an unfamiliar interface screen in addition to an unfamiliar control scheme.  It can also be costly to provide new hardware and software, as well as training for control engineers in its use and maintenance.  This is not regarded as the most appropriate option since it tends towards a greater number of stand-alone systems in the control room which adds complexity.
Upon completion of this stage, the communication requirements including existing and/or new links, RTUs and measuring points are established for the scheme, as is the design and placement of the ANM scheme HMI.

4.6 	Impact on Control Engineer Daily Operations: Check and Revise
It is recommended at this stage to review what has been decided upon in the previous stages, prior to proceeding with integrating the ANM scheme.  It might be the case that certain aspects can be removed, modified or simplified.  SCADA alarms and indications must be succinct and conform to standard notation.  There must be no redundant or duplicate alarms and indications so as not to overburden the control engineer.  It is also important to review the developing ANM HMI to ensure it is not overly complex; it must display information and alarms clearly, and provide easily accessible controls such that control engineers can assimilate and respond to ANM scheme requirements when necessary.

4.7 	Training Provisions
Prior to going live, the control engineers require a satisfactory level of training on the ANM scheme and its manifestation in the control room.  It is always prudent to produce a manual for the scheme which contains all of the information discussed in this paper.  Control engineers can then refer to this at any time.  The document must give a thorough explanation of the scheme and describe each state of operation in detail.  Oral presentations and forums to facilitate dissemination of information regarding the ANM scheme are also recommended.
An ANM training simulator is a useful tool as it can allow operators to obtain a familiarity with the working environment of the ANM scheme and the means of integration with the control room.  Such a training/simulation tool would also facilitate further deployments, developments and awareness of ANM schemes.

4.8	Review in Service
It is important to review the ANM scheme following deployment to ensure that control engineers are experiencing effective interaction with the ANM scheme in the manner anticipated during the design of the integration.  In the case where the control engineer is interacting with the ANM scheme more often than anticipated, the cause of this should be investigated at this stage (i.e. is it an ANM scheme design issue, or a system integration problem).  Frequent communications failures should also be checked although the implications for ANM operation may differ from the effect of such communication failures on other SCADA/DMS functionality.  It is also advised to establish if any improvements to any part of the ANM scheme control room interface can be made.  A periodic review by the ANM scheme developer would allow for updates and improvements to the scheme and any future ANM integration projects.

5 CASE STUDY – THE ORKNEY ANM SCHEME
The Orkney ANM scheme was deployed in November 2009 on to the Orkney Isles distribution network by Scottish and Southern Energy plc and Smarter Grid Solutions Ltd.  The ANM scheme has facilitated increased connections of DG to connect to the existing Orkney network by managing power flows and curtailing generation when thermal limits are being approached.  The new DG connections to the Orkney network that have been facilitated by ANM would otherwise not be able to connect to the Orkney network without significant capital expenditure on network reinforcement.  The ANM scheme operating principles are well documented in [21 - 24]. The methodology described in Section 4 of this paper was applied to integrate the ANM scheme deployed on Orkney into the SSE control room.  The SSE control room is located several hundred miles from the Orkney Isles in Perth, Scotland.
Section 5.1 describes each stage in detail and then Section 5.2 offers some feedback from the control engineers at SSE involved in the scheme management.

5.1 	Application of the Control Room Integration Methodology
The ANM scheme on Orkney was deployed at the substation level on an automation controller platform.  The main hub of the ANM scheme is the central ANM controller which receives information from various network and DG locations and runs ANM algorithms to determine preventive and corrective control actions.  A Programmable Logic Controller (PLC) is also deployed to each DG site, which interfaces to the DG control systems and exhibits failsafe functionality in the event that communications to the DG site are lost.  The central ANM controller provides a subset of the data available on the operation of the ANM scheme to the SSE SCADA system via a DNP 3.0 link.  The following subsections (5.1.1 – 5.1.5) describe the application of the methodology described in Section 4 to the integration of the Orkney ANM scheme into the SSE control room.

5.1.1 	Determine Control Engineer Responsibility
The multi-generator, multi-constraint complexity of the Orkney ANM scheme (and its relative novelty) dictates a higher level of awareness for control engineers.  
The control engineers advised on the preferable type and level of control.  The scheme is fully active and requires no routine external intervention to function normally.  As such, the following remote control actions have been considered adequate by the control room:
· Enable/Disable ANM Scheme
· Enable/Disable DG Unit
Following the completion of this stage and the decision on the two way interactions between the scheme and the control room, the information/data available from the scheme is determined, categorised and prioritised as advised in Section 4.3.

5.1.2 	Establish Information Required from the ANM Scheme
In reviewing the potential subset of ANM data that could be provided to the control room, it was decided that the control engineers be notified of the following:
· ANM scheme status (ENABLE/DISABLE)
· DG unit status (ENABLE/DISABLE)
· Current (Amps) and Power (MWs) at each measuring point
· Power Production (MW) at each DG unit participating in the ANM scheme
· DG unit(s) being regulated by the ANM scheme (including specific DG unit and level of curtailment)
· DG unit(s) tripped by the ANM scheme (including specific DG unit)
· Reconnection of a DG unit by the ANM scheme following a trip by the ANM scheme
· DG unit not responding to an ANM instruction
· Real-time operating mode of ANM Scheme 
· Communications failure
· Equipment failure
This information was segregated and assigned a type; alarm, analogue, indication, and priority.  Table 1 shows the final list of alarms, and also gives an explanation for the selection.

Table 1: Orkney ANM scheme Alarm Types and Priorities
	Information
	Alarm Type
	Priority
	Explanation

	ANM scheme ENABLED
	Indication
	Non-Urgent
	Indication generated when the scheme is enabled (ENABLE from DISABLE).  It is classed as Non-Urgent as no action is required from the control room.

	ANM scheme DISABLED
	Alarm + Indication
	Non-Urgent
	Indication generated when the scheme is disabled (DISABLE from ENABLE).  An alarm is generated such that it is acknowledged.  It is classed as Non-Urgent as only acknowledgement of the alarm is required.

	DG unit ENABLED
	Indication
	Non-Urgent
	Indication generated when the DG unit is enabled (ENABLE from DISABLE).  It is classed as Non-Urgent as no action is required from the control room.

	DG Unit DISABLED
	Alarm + Indication
	Non-Urgent
	Indication generated when the DG unit switches to DISABLE (from ENABLE).  An alarm is generated such that it is acknowledged.  It is classed as Non-Urgent as only acknowledgement of the alarm is required.

	Current (A) at Measuring Point
	Analogue
	N/A
	All measurement values are analogues.

	Output (MW) at DG Unit
	Analogue
	N/A
	All measurement values are analogues.

	DG Trip
	Alarm
	Urgent
	Alarm is generated here as the control room must acknowledge this action.  It is classed as Urgent as an item of plant has been disconnected from the system.

	DG Reconnected
	Alarm + Indication
	Operational
	Indication generated when DG is reconnected following a trip.  It is classed as Operational as an item of plant has been reconnected to the system and the scheme.

	DG Not Responding
	Alarm
	Non-Urgent
	Alarm generated here as control room must acknowledge non-responsiveness and take action.  It is classed as Non-Urgent as this is an initial warning.  Further related alarms have higher priorities e.g. DG Trip.

	ANM Mode (Normal, Trim)
	Indication
	Non-Urgent
	Indication generated when scheme enters this mode of operation (from another).  It is classed as Non-Urgent as the scheme is operating as normal and no action is required from the control room.

	ANM Mode (Sequential Trip)
	Alarm + Indication
	Operational
	Indication generated when scheme enters this mode of operation (from another).  Alarm is generated here as the control room must acknowledge this action.  It is classed as operational as the scheme is working as expected but the control room should monitor the situation for escalating actions.

	ANM Mode (Global Trip)
	Alarm + Indication
	Urgent
	Indication generated when scheme enters this mode of operation (from another).  Alarm is generated here as the control room must acknowledge this action.  It is classed as Urgent as all DG units in a zone have been tripped and the control room should monitor the situation to establish if it affects network operation adversely.

	Communications Failure
	Alarm
	Communications & SCADA
	Alarm is generated here as the control room must acknowledge this action.  It is classed as Communications & SCADA as standard and normal protocol for managing SCADA alarms is followed.

	Equipment Failure
	Alarm
	Operational
	Alarm is generated here as the control room must acknowledge this action.  It is classed as Operational as it may affect scheme operation. The control room should verify this and ensure the scheme equipment back-up is in operation.



5.1.3 	Determine Control Actions Available to the Control Engineer
The level of responsibility that control engineers have over the ANM scheme was decided in Section 5.1.1.  The following four control actions were agreed upon and deemed suitable by control engineers at SSE for the safe operation of the ANM scheme
· ENABLE scheme 
· DISABLE scheme 
· ENABLE DG unit (ramp up from zero)
· DISABLE DG unit (ramp down to zero)
For practicality reasons, the control engineer can do all of this remotely at the control room using telecontrols via the ANM scheme interface.  

5.1.4 	Determine Communications and Interfacing Requirements
The two way interaction between the ANM scheme and the control room was established via the DNP 3.0 protocol and existing communications infrastructure.  Suitable communications, internal to the ANM deployment on Orkney, were also implemented using radio and pilot wire links to align with the physical, technical and economic requirements, constraints and existing link availability.  The main route for data to be provided to the control room was from the central ANM controller, which was represented as a virtual RTU in the SCADA system.  Supplementary to this was the provision of some alarm information via RTUs at the participating DG sites.  
After consultation with control engineers, it was decided to integrate the HMI for the ANM scheme into the DMS network diagram.  The Orkney ANM scheme interface was added to the diagram next to the Orkney network diagram so it is readily accessible to control engineers and was designed using the standard SSE layout and format.  An overview screen section tells the control engineer whether the scheme is ENABLED or DISABLED, what mode of operation it is currently in, and contains a list of scheme alarms (which are highlighted when active).  The DG units are displayed as blocks showing the real-time MW output and curtailment set point.  The block also contains a corresponding list of DG alarms (highlighted when active).  The measuring points are displayed as blocks and the monitored current (A) and power (MW) values are given.  
An HMI has also been implemented at the site of the central ANM controller on Orkney.  The same functions that are available to the control room are available to local engineers, with the implementation of suitable interlocking, security and controlled access arrangements.  

5.1.5	 Training Provisions 
In order to prepare the SSE distribution control engineers for the full deployment of the Orkney ANM scheme, a number of provisions were made.  Firstly, a user guide was produced.  The document explains the ANM scheme and its operating philosophy, how the control room is expected to be involved in its operation and management, a series of process diagrams highlighting what steps to take upon receipt of each alarm and what steps precede the use of the available control actions.  The user guide was made available in pdf format, and also in hard copy.  
A series of training sessions were also provided to the control engineers, which involved a presentation of all the material contained in the user guide, as well as lengthy discussions and question and answer sessions.  An offline HMI was established in a separate instance of the DMS environment to facilitate training sessions.  This allowed control engineers to visualise and interact freely with the ANM interface.

5.3 	Control Room Experience with the Orkney ANM Deployment
Through the adoption of the method outlined in this paper, the control room engineers have been exposed to the workings and operation of the Orkney ANM scheme.  There is overall satisfaction with the ANM scheme and how information is communicated and presented to the control room at the present time.  As activities on Orkney increase and more ANM functions and associated technologies are deployed, the process outlined in this paper will be repeated to ensure appropriate awareness, visibility and control is available to the control room operators. 
The local HMI on Orkney has so far been the main source of interaction with SSE operational personnel.  Including the setting of the ANM scheme and individual DG units to be enabled/disabled and the observation of alarms, mainly related to loss of communication events.  The ANM scheme has performed to meet the requirements and functional design specification created at the inception of the project.

6 CONCLUSIONS AND FURTHER WORK
This paper has addressed the issues facing distribution control rooms and control engineers in the coming years with the evolution of distribution networks towards an active operating paradigm.  The role that control engineers will play in active distribution networks remains uncertain as ANM schemes are still at a relatively early stage of development and deployment and further work will be required in this area to gain clearer insight over time.  This contribution to this emerging area comes at a time when distribution networks are expected to evolve and accommodate numerous low carbon technologies – the method outlined in this paper represents an effective and useable means of integrating ANM schemes with the network control room.
It has been demonstrated, through the use of a case study of ANM deployment, that the role of the control room could change very little under normal operating conditions, however, procedures may change under outage conditions and the control engineer must be familiar with ANM schemes and how they should proceed with its management during contingencies or abnormal operation (e.g. DISABLE the ANM scheme, run as normal).  It is for this reason that a comprehensive methodology such as is proposed in this paper is necessary.  Substantive contributions from planners, ANM providers, control engineers and the academic researchers have embedded robustness in the methodology to underpin its wider applicability.
Further investigations to gain a more comprehensive insight into the challenges control engineers will face in the management of ANM schemes are being undertaken by the authors.  Simulations involving control room DMS software and SCADA simulation tools are being carried out and results analysed to better understand the role of the control engineer and control room systems in active networks and to determine appropriate courses of action to developing control support solutions for operation of active networks.
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