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Executive Summary 

Deliverable D5.3 ñTechnical specifications for implementation and economic analysisò presents the 

technical specifications of the solutions that will be implemented at Learnersô
1
 demonstration sites 

during the project. In that way, this deliverable will serve as a reference for WP7 ñField tests at existing 

demonstration sitesò, which will carry out the implementation and deployment plans of the solutions to 

be tested in the field tests. Moreover, it will provide inputs for WP8 ñEconomic viability, business 

cases, recommendationsò for carrying out the economic analysis of DISCERN technical solutions. 

The technical specifications presented in this deliverable are the final result of the Use Case approach 

(enhanced with the SGAM framework) described at the early stages of the project in deliverable D1.3 

ñArchitecture templates and guidelinesò. This approach was used to define the Use Cases and SGAM 

models of the Learnersô solutions (deliverable D4.3 ñPreferable general system architecture, 

integrations and user interfaceò) and also to create catalogues including the requirements of the 

solutions together with the proposed equipment by Vendors within DISCERN consortium; that is, ABB 

Sweden and ZIV (deliverable D2-3.1 ñCatalogues and requirements for distributed devices and 

communication architecturesò). The catalogues provided in D2-3.1 worked as a reference for D5.3. 

Hence, the catalogues enabled further discussions between Learner DSOs and Vendors in order to 

take decisions regarding technical options to be implemented at the demonstration sites.  

The technical specifications are developed for all the four DISCERN Learnersô solutions:  

Á DISCERN_VTF_Learner_B6, which is the solution proposed by Vattenfall for sub-functionality 

B6 ñEnhanced monitoring and control of MV/LV networkò and focuses on MV network 

supervision for fast and reliable fault distance identification. 

Á DISCERN_IBRD_Learner_B7bd, which is the solution proposed by Iberdrola for sub-

functionality B7bd ñReal time monitoring of LV gridò. It aims at monitoring voltages and 

currents in LV distribution grids in order to calculate and supervise power quality indices. 

Á DISCERN_UFD_Learner_B9a, which is the solution proposed by Unión Fenosa Distribución 

for sub-functionality B9a ñOptimized AMR data collection and analysis using virtualized as well 

as physical concentratorsò. This solution proposes different alternatives (based on 

conventional and virtual meter data concentrators) to deal with the collection of data 

generated by smart meters located at customer premises. 

Á DISCERN_UFD_Learner_B9b, which is the solution proposed by Unión Fenosa Distribución 

for sub-functionality B9b ñCalculation and separation of non-technical lossesò and is aimed at 

computing power balances and identifying technical and non-technical losses in the LV 

networks. 

The technical specifications of the DISCERN Learnerôs solutions comprise the following parts: 1) 

ñProject backgroundò, which relates the technical solution with: the corresponding demonstration site 

project, the DISCERN sub-functionality addressed by the solution, and the SGAM component layer of 

the solution; 2) ñField test descriptionò, which indicates the main purpose of the field test to be carried 

out in DISCERN as well as specific requirements and boundary conditions of the demonstration site; 

3) ñMapping to D2-3.1 catalogueò, which establishes mappings between the new equipment that will 

be used at the demonstration sites and the solutions proposed by the Vendors in the catalogues 

included in [D2-3.1]; and 4) ñEquipment specificationò, which provides the specification of the new 

equipment that will be installed at the demonstration sites.  

                                                                 
 
 
1
   In DISCERN, Learners are those DSOs willing to implement the solutions they propose for a sub-functionality during the 

project (see Deliverable 1.1 ñList of agreed KPIs with associated metrics and refined Smart Grids functionalities listò) 
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In addition to the benefits within the project (giving key inputs for the implementation and deployment 

plan in WP7 and the economic analysis in WP8), this deliverable is also useful beyond DISCERN, 

because it shows how high-level descriptions based on international and European standards and 

frameworks (IEC 62559 Use Case approach and EU M/490 SGAM framework) can be leveraged in 

order to define technical specifications of Smart Grid solutions that realize functionalities aligned with 

DSOôs business needs. 
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1. Introduction 

1.1. Scope of the document 

Deliverable D5.3 is one of the outputs of task T5.3 ñDeveloping the technical specifications for 

facilitating the implementation of DISCERN solutions at the demonstration sites, and for providing 

insights for economic analysisò. 

This deliverable presents the technical specifications developed by DISCERN Learner
2
 DSOs; that is, 

the technical specifications of the solutions proposed by those DSOs that will implement the technical 

solution of a sub-functionality within the scope of DISCERN [D1.1]. The technical specifications 

presented here are the final result of the Use Case approach (enhanced with the SGAM framework) 

described in deliverable D1.3 ñArchitecture templates and guidelinesò [D1.3] and used in deliverable 

D4.3 ñPreferable general system architecture, integrations and user interfaceò [D4.3] and deliverable 

D2-3.1 ñCatalogues and requirements for distributed devices and communication architecturesò [D2-

3.1] in order to define high-level Smart Grid architectures of the Learnersô solutions and express 

equipment and communication requirements along with proposed solutions by Vendors to meet those 

requirements. In particular, the catalogues included in [D2-3.1] served as a basis for further 

discussions between Learner DSOs and Vendors within DISCERN (that is, ABB Sweden and ZIV) 

with the aim of specifying the technical solutions that will be implemented at Learnerôs demonstration 

sites during the project. In that way, D5.3 provides key inputs for the definition of the implementation 

and deployment plan of Learnersô technical solutions in WP7 ñField tests at existing demonstration 

sitesò and for the economic analysis of the solutions in WP8 ñEconomic viability, business cases, 

recommendationsò.  

1.2. Structure of the document 

The document comprises the following main sections: 

Section 1 introduces the document.  

Section 2 describes the methodology followed in sub-task T5.3.1 in order to develop the technical 

specifications of DISCERN Learnersô solutions.  

Section 3 gives an overview of the overall structure of DISCERN technical specifications and 

highlights some caveats that should be taken into account to better understand the scope of the 

specifications.  

Sections 4 to 7 present the technical specifications of DISCERN Learnersô solutions.  

Finally, section 8 concludes the results from the study.  

 

                                                                 
 
 
2
 In DISCERN, Learners are those DSOs willing to implement the solutions they propose for a sub-functionality during the 

project (see Deliverable 1.1 ñList of agreed KPIs with associated metrics and refined Smart Grids functionalities listò) 
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2. Methodology 

Deliverable 5.3 ñTechnical specifications for implementationò follows the Use Case approach 

explained in deliverable D1.3 ñArchitecture templates and guidelinesò [D1.3] and further detailed in 

deliverable D2-3.1 ñCatalogues and requirements for distributed devices and communication 

architecturesò [D2-3.1].  

According to this approach, Learner DSOs [D1.1] defined Use Cases expressing the requirements of 

the systems that will implement their solutions. These Use Cases were enhanced with high-level 

Smart Grid architectures defined in the SGAM framework [D4.3]. Both the Use Cases and SGAM 

models developed by Learner DSOs were analysed by a Requirements Engineer (KTH in the context 

of DISCERN) in order to refine and group the requirements per Use Case actor. The resulting tables 

were shared with the technical providers of DISCERN (that is, ABB Sweden and ZIV), who completed 

the catalogues of the solutions with available solutions in the market (or prototype solutions) that meet 

the requirements (at least partially) identified by the Learner DSOs [D2-3.1]. 

The catalogues obtained in [D2-3.1] were the main input for deliverable D5.3 presented here in order 

to develop the technical specifications of the Learner DSO solutions. Based on the catalogues, 

Learner DSOs and Vendors discussed the requirements and available technical options in order to 

define the technical specifications of the solutions that will be implemented at the Learnersô 

demonstration sites within DISCERN (Figure 2-1). During the bilateral discussions between DSOs and 

Vendors, the specific technical and regulatory conditions of the demonstration sites (identified by 

demonstration site experts within the DSOs and included in deliverable D4.1 ñIdentification of present 

system architectureò) were taken into account. 

 

 

Figure 2-1. Development of DISCERN Technical Specifications from DISCERN Catalogues 
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3. DISCERN Technical Specifications: Overview and Caveats 

This section gives an overview of the DISCERN technical specifications presented in this deliverable. 

The technical specifications describe the technical solutions that will be implemented during DISCERN 

at the Learnersô demonstration sites. Therefore, they refer to the solutions developed by Learner 

DSOs in DISCERN, which are listed below by using the notation defined in [D1.3]: 

Á DISCERN_VTF_Learner_B6, which is the solution proposed by Vattenfall for sub-functionality 

B6 ñEnhanced monitoring and control of MV/LV networkò and focuses on MV network 

supervision for fast and reliable fault distance identification. 

Á DISCERN_IBRD_Learner_B7bd, which is the solution proposed by Iberdrola for sub-

functionality B7bd ñReal time monitoring of LV gridò. It aims at monitoring voltages and 

currents in LV distribution grids in order to calculate and supervise power quality indices. 

Á DISCERN_UFD_Learner_B9a, which is the solution proposed by Unión Fenosa Distribución 

for sub-functionality B9a ñOptimized AMR data collection and analysis using virtualized as well 

as physical concentratorsò. This solution proposes different alternatives (based on 

conventional and virtual meter data concentrators) to deal with the collection of data 

generated by smart meters located at customer premises. 

Á DISCERN_UFD_Learner_B9b, which is the solution proposed by Unión Fenosa Distribución 

for sub-functionality B9b ñCalculation and separation of non-technical lossesò and is aimed at 

computing power balances and identifying technical and non-technical losses in the LV 

networks. 

The DISCERN technical specifications are structured as follows. First, a project background is 

provided explaining the relationship of the technical solution with the:  

a) Demonstration site project. In DISCERN, the field tests of Learnerôs solutions will be carried 

out within the framework of already on-going demonstration site projects developed by the 

Learner DSOs. This part of the technical specification explains the links between DISCERN 

and these demonstration site projects. 

b) DISCERN sub-functionality addressed by the solution [D1.1] 

c) SGAM component layer of the solution [D4.3] highlighting the new equipment that will need to 

be installed at the demonstration site in order to realize the solution.  

Then, a general description of the field test is given indicating its main purpose (objectives and scope) 

as well as specific requirements and boundary conditions of the demonstration site. The third part of 

the technical specification establishes a mapping between the new equipment that will be used at the 

demonstration sites and the solutions proposed by the Vendors in the catalogues included in [D2-3.1]. 

Finally, the last part of the technical specification refers to the specification of the equipment that will 

be installed at the demonstration sites. It is worth noting that for some Use Case actors there is no 

solution proposed in the catalogue that meets all the requirements expressed by the DSOs. Where 

that is the case, a further detailed description of the equipment is provided in the equipment 

specification. Otherwise, the equipment specification describes the apparatus included in the 

catalogues that will be used in the final solution.  

Before detailing the DISCERN technical specifications, it is necessary to clarify two caveats. The first 

caveat is that the demonstration projects associated with the Learnerôs DISCERN solutions are at 

different stages of development. Consequently, in some Learner specifications there is more 

information regarding site specific requirements or final equipment that will be implemented at the 

demonstration sites, whereas in others this information will be completed in WP7 ññField tests at 

existing demonstration sitesò and [D2-3.4] ñFinal reports on distributed devices and communication 
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infrastructureò when the confirmation of the decisions regarding final demonstration site and 

equipment are available. The second caveat is that some actors represented in the Use Cases and 

SGAM models [D4.3] as well as in the catalogues of the solutions [D2-3.1] already exist at the 

Learnersô demonstration sites. It is also possible that there are actors and associated functionalities 

which were considered in the Use Cases, SGAM models and catalogues (as they define realistic and 

interesting functionalities in the context of the solution), but will not be finally implemented at the 

demonstration site during DISCERN. Both types of actors will be highlighted in the corresponding 

technical specification, but will not be further detailed in the ñEquipment specificationò sections, 

because the focus of this deliverable is on the new equipment that will be implemented at the 

demonstration sites. 
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4. DISCERN_VTF_Learner_B6 Technical Specification 

4.1. Project background 

DISCERN_VTF_Learner_B6 ñEnhanced monitoring and control of MV/LV networkò is one of the 

demonstrators in the DISCERN project with the overall purpose of increasing the functionality of MV 

network monitoring. The main focus is to evaluate the functionality of MV monitoring for fast and 

reliable fault identification and indicating distance to faults.  

The future market trend for a DSO is to distribute electricity to end customers according to the 

demanded level of service; that is, to provide shortened outage periods, a voltage level according to 

the agreed service level, and fast and accurate investigations and decisions in response to customer 

request for small scale generation connections to the network. 

In parallel to DISCERN_VTF_Learner_B6, Vattenfall and GEAB (Gotlands Energi AB) are together 

running a full scale Smart Grid project, Smart Grid Gotland, with the purpose of including the entire 

network value chain for Smart Grid functionality evaluation. One of the main objectives in both Smart 

Grid projects is the opportunity to compare and evaluate the results of using two different technical 

solutions in the same MV network structure. In Smart Grid Gotland (SGG) and 

DISCERN_VTF_Learner_B6 this comparison would be possible. Even though that both field tests are 

addressing the same Use Case, the technological solution will differ and the outcome will be analysed. 

This work will look to understand the differences in terms of investment costs, maintenance costs and 

functionality between the two, and whether an extended level of functionality is worth the money 

invested or may a more ñcheap and simpleò solution suit the purpose of the DSO when the investment 

costs for the solution is compared to the obtained functionality. It is important to bear in mind, 

however, that the solutions are designed to fulfil different tasks, though with the same aim of improving 

the SAIDI and SAIFI values. 

4.1.1. DISCERN_VTF_Learner_B6 with in the context of Smart Grid Gotland 

The full scale Smart Grid project SGG is a R&D initiative including several partners, and funded partly 

by the Swedish Energy Agency (http://www.smartgridgotland.com/). The project started in autumn 

2012 and will finish at the end of 2016. The partners in the project are Vattenfall, GEAB, ABB, 

Schneider Electric, KTH, Swedish National Grid and the Swedish Energy Agency. The project scope 

includes the entire network topology from the primary 70/10 kV substation, including the MV network, 

the secondary substations, the LV network, smart meters at end-customer premises, small scale PV 

generation as well as customer interaction in market tests. 

Two key aims of the project are to show how an existing distribution grid can be upgraded to handle 

large amount of wind power generation, and to show that technology improvements can improve the 

power quality in rural grid with large volumes of installed wind power. Some of the targets are: 

Á Increased hosting capacity of wind power 

Á Reduced SAIDI for the included MV network 

Á Customer participation 

The project objectives are grouped into three main areas: 

Á Wind power integration 

o Process improvement in information exchange between systems 

o New SCADA functionalities 

Á Power Quality with distributed energy 

http://www.smartgridgotland.com/
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o Power quality analysis 

o Re-design of 10 kV part in one primary substation 

o Re-design of rural grid and test of zone concept and automatic restoration of the grid 

o Low voltage network monitoring and control with new smart meters 

o Test installation of Solar panels to the LV network 

Á Market tests 

o Product development to attract market participation from both enterprises and households 

o Perform market tests in order to measure the volume of load shifting 

 

Table 4-1. Summary of Smart Grid Gotland key figures 

Smart Grid Gotland Key Figures 

Starting date Sep 2012 

Duration 
52 months (project period extended to include 
2016) 

Total budget 
15 Mú, partly funded by the Swedish Energy 
Agency) 

Location 
Sweden, the island of Gotland south east of 
Stockholm 

Inhabitants 
250 customers involved in separate SGG market 
test, (approx. 57000 inhabitants are living on 
Gotland) 

Customers 
1500 customers connected to the MV/LV network 
to be tested in SGG 

Voltage level 10 kV MV network, 0,4 kV LV network 

Networks Topologies Rural 

 

One main reason for locating the DISCERN_VTF_Learner_B6 demonstration in parallel to the SGG 

demonstration is the unique possibility of evaluating and comparing the results from different 

technology solutions in the same MV network, at the same time, and using the same IT platform, i.e. 

SCADA and DMS. 

The SGG R&D case is a more advanced technological solution compared to the ñcheap and simpleò 

concept applied in the DISCERN_VTF_Learner_B6 demonstration. It is planned that the outcomes of 

the two solutions will be analysed and visualized in the latest version of the ABB Ventyx SCADA and 

DMS software. One IT environment and two different technology solution deployed in parallel MV lines 

connected to the same primary substation should give the best opportunities to compare the results 

and the benefits in respect to e.g. investment costs (equipment, deployment etc.). 

The SGG case will test an advanced solution for network restoration, provided by ABB. The concept is 

to section the network in logical, separated, zones by installing breakers. The automatic system of 

reclosing and restoration will work inside the zones individually. The result is a line sectioned in 

potentially separated zones which can be controlled by the overlying system using the distributed 

circuit breakers (re-closers), and will include current and voltage measuring equipment and protective 

devices for fault isolation, thus achieving reduced SAIDI and improved customer quality of service 

(QoS). 
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4.1.2. Description of sub-functionality 

The DISCERN_VTF_Learner_B6 Use Case [D4.3], ñEnhanced monitoring and control of MV/LV 

networkò, has defined the scope of the field test in accordance with its purpose of demonstrating MV 

distribution grid fault identification. The objective is to geographically pinpoint faults in the distribution 

level network and use the information to reduce the SAIDI. In the context of the 3L methodology 

defined in DISCERN [D1.1], the definition of the DISCERN_VTF_Learner_B6 has taken into account 

previous experiences of Leaders solutions for this sub-functionality [D4.2]. In particular, the solution 

DISCERN_UFD_Leader_B6 ñMV monitoring and telecontrolled switchesò was used as a reference to 

define DISCERN_VTF_Learner_B6 Use Case and SGAM model.  

The Use Case describes the monitoring of the MV network status using Intelligent Electronic Devices 

(IEDs), also called MV supervisors. The MV supervisors are connected to voltage sensors (VT in 

feeding substation) and current sensors (CT in substation and distributed along the line). Two types of 

MV supervisors are used: IEDs in the MV switchgear and fault passage indicators located at key 

points on the lines within the trail area. The IEDs have computing capabilities to calculate power flows 

and store high resolution current and voltage data related to network faults. The resolution is down to 

the curve of individual periods, 50Hz. The fault passage indicator provides high resolution measuring 

of the current and sends an alarm if a fault current passes the indicator.  

The main steps of this sub-functionality are: 

1. Voltage and current in MV lines feeding secondary substations are measured using sensors and 

MV supervisors, located both in the feeding substation and at dedicated locations along the line. A 

fault will be recognized by the IEDs (protective devices) and the full sequence of the fault will be 

recorded and stored as a disturbance file (high resolution recording of approximately 1 sec). A 

simpler current sensor may indicate fault current passing through a branch. 

2. In the event that a threshold violation related to over current, earth fault or over/under voltage is 

detected the following will happen; 

a. The SCADA operator will be informed by an alarm from the substation but he/she will wait for 

further information from the system. 

b. The IEDs will generate the corresponding alarm and trip the circuit breaker of the line in the 

substation.  

c. At the same time as the MV supervisors detects the fault, one or several of the FPIs will detect 

the fault current. The devices will send a binary signal indicating where the fault current 

passed.  

3. The IEDs will communicate information of the actual status to the SCADA/DMS system (and the 

operator) and at the same time send a disturbance record (DR) to the substation supervisor. 

4. The fault analysis tool in the substation will run a ódistance to faultô calculation based on the 

received reports (DR) from IEDs. When the distance to fault is calculated, it will send relevant data 

to the SCADA via the RTU. 

5. The fault analysis tool data in combination with the FPI information are interpreted by the 

SCADA/DMS. 

6. The SCADA/DMS uses the result from the analysis to plot the fault onto relevant systems. These 

systems might consist of anything from a text based listing of GPS coordinates to a mapping of 

the actual location in the GIS of the network owner. 

Using the location information to improve the fault location functionality will shorten the time for repair 

and restoration of the line.  

Apart from the fault identification scenario, the DISCERN_VTF_Learner_B6 Use Case also shows 

scenario steps for closely related areas, grouped under the use case section 4.2 Steps ï Scenarios / 
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Assisted Control [D4.3]. This part of the use case outlines the process for changing the network 

setting based on the received information from the deployed equipment. These are realistic and 

possible functions of the deployed equipment, but will not be the main focus of the demonstration. The 

DISCERN_VTF_Learner_B6 test cases will concentrate on the fault identification aspect of the Use 

Case. Hence, some equipment (ñActorò) identified for ñAssisted Controlò will not be in use for the 

DISCERN_VTF_Learner_B6 main focus area, e.g. ñData Aggregatorò and ñSwitch Controllerò. 

4.1.3. Technical solution summarised by SGAM component layer 

Figure 4-1 below summarises how the deployed technical solution for the DISCERN_VTF_Learner_B6 

demonstration is described by the SGAM model component layer. Each DISCERN_VTF_Learner_B6 

ñActorò is mapped into the hierarchy of the model in respect to both domains and zones. The 

demonstration will show a solution for MV network monitoring and fault identification using ñactorsò 

deployed in both the Field and Station zones. At Operation level the demonstration will process and 

visualize the information for operators. 

Moreover, Figure 4-1 highlights the new equipment that will be implemented during DISCERN (Fault 

Analysis Tool, Fault Passage Indicator, and Sensors at LV feeders), which are the main focus of this 

specification. The rest of the SGAM components already exist in the present solution at the 

demonstration site, or will be delivered in the Smart Grid Gotland project (see section 4.4 for further 

details), or, as explained previously, are not within the scope of the case studies that will be carried 

out at the demonstration site (e.g., ñData Aggregatorò and ñSwitch Controllerò). 
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Figure 4-1. DISCERN_VTF_Learner_B6 Technical solution summarised by SGAM component Layer [D4.3] 

 

4.2. Field test description 

4.2.1. Field test purpose 

The field test purpose is to implement simple and smart sensors in the MV network to evaluate 

ñmaximumò possible Smart Grid functionality with the use of only ñsimpleò sensors for fault 

identification for fast field service restoration. 

The DISCERN_VTF_Learner_B6 project will utilize existing SGG equipment with extended 

functionality in both the SGG IT platform and MV network. The ambition is to deploy and test a cost 

effective MV sensory system in the Smart Grid Gotland test area for primarily outage detection. The 

solution will include a system for substation calculations, MV network sensors, communication as well 

as DMS functionality in order to improve quality monitoring in the network.  

The performance of the system is to be benchmarked with the system developed in the SGG project 

and, based on the DISCERN_VTF_Learner_B6 technical tests, show by simulations that relevant 

system parameters (SAIDI, etc.) can be improved by means of the sensory system. 
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4.2.2. Site specific requirements 

The DISCERN_VTF_Learner_B6 demonstration will be hosted in the GEAB rural grid network. GEAB 

is a subsidiary to Vattenfall and is the DSO on the island of Gotland in the Baltic Sea, with 

approximately 40,000 connected customers.  

The GEAB network length is in total approximately 5,900 km, of which 3,100 km is underground cable, 

1,000 km un-isolated overhead line and 1,800 km isolated overhead lines. The R&D test site is located 

in a rural grid area of the network, using one primary substation (70/10 kV) and one MV feeder (10 kV) 

for the DISCERN_VTF_Learner_B6 demonstration. The MV feeder comprises a 14 km underground 

cable and 32 km un-isolated overhead line with 13 line separations. 

Technical details for the substation and MV feeder are summarised in Table 4-2.  

 

Table 4-2 DISCERN_VTF_Learner_B6 site specific technical details 

Technical specifications Substation 
10 kV MV 

feeder 
Distance 

km 
Notes 

Transformer size 6 MVA    

No of connected feeders in station  5   

The DISCERN test line:     

No of secondary substations 
(10/0,4 kV) 

   51 

MV Overhead line   32  

MV Underground cable   14  

Overhead line through forest    20-25% 

Age of Overhead line    

No 
information, 

but the line is 
old 

Larger line separations    3 

No of customers    460 

 

The SAIDI average over recent years is approximately 574 min/year and the availability of the 

electricity supply has been on average 99.89%. 

Figure 4-2 and Figure 4-3 represent the network topology for the Discern test area. Please note that 

the figures do not describe the network topology exactly as it exists in reality. Both figures are slightly 

altered to make the description anonymous but still realistic and applicable for the 

DISCERN_VTF_Learner_B6 test case. 
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Figure 4-2. DISCERN_VTF_Learner_B6 test area 70/10 kV substation and 10 kV test line 

 

 

Figure 4-3. DISCERN_VTF_Learner_B6 test line 10 kV 
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Explanation to Figure 4-3: 
 
 
 
 
 
  
 

ʆ    IED refers to the device (ABB Com600) used to calculate the distance to fault. S1 - S5 refer to 
sensors. 

4.2.3. Specific Swedish conditions and conditions at Gotland 

One specific pre-requisite to the demonstration as related to the Swedish conditions is the legislation 

defining how a DSO is allowed to finance network improvements by increased network tariffs. A 

network with fewer disturbances and outages may apply higher network tariffs for a customer 

compared to a network with more disturbances. The reason for this tariff differences may be the level 

of investments, which in turn improves the SAIDI and SAIFI KPIs, hence higher network tariffs which 

are accepted by the authority, the Swedish Energy Agency. 

Another Swedish condition is that the DSO is obliged to compensate customers for any power outage 

that prevails for more than 12 hours.  

Both conditions are related to the network quality measures SAIDI and SAIFI, which makes it 

important for the DSO to both monitor and improve both measures. Any improvement in the values 

makes the network investment cost benefit analysis stronger. 

Some specific conditions in the GEAB network are: 

Á The main transformer is connected in the zero point by a Petersen coil. The coil is to compensate 

the capacitive current in the cable.  

Á The coil is automatically compensated when the grid size change. When compensated the 

capacitive current is close to 0 A. 

Á There is also a resistor in the zero point. The resistor is there to provide a current to measure 

when there is an earth fault in the grid. Normally the resistor reduces the maximum earth fault 

current to 5 A in Sweden but on Gotland the maximum earth fault current is reduced to just 4 A. 

4.2.4. Boundary conditions for the demonstration 

4.2.4.1 Existing IT environment at the DSO 

The DISCERN_VTF_Learner_B6 demonstration and R&D test will be conducted in the real GEAB IT 

network (not a stand-alone solution), but with equipment specifically installed for the Smart Grid 

projects. The demonstration test data will pass through the network using high IT and information 

security regulations for the daily operation system integrations. The SCADA and DMS system will be 

managed and operated by the GEAB Dispatch Centre, which is classified as having the most strict IT 

and information security regulations by all operating business systems. 

The most important adaption for the project demonstration is to adjust for the security rules applied 

within the GEAB IT environment. One important pre-requisite in the ordinary IT environment is the IT 

security classification model, labelled by security zones and defined by a set of rules which can 

essentially be described as instructions on how communication is accepted with the open Internet. 

The more important it is for a business to provide services to a customer, e.g. electricity distribution, 

the more strict the security class, and the greater the need for communication stability and availability. 

The devices and systems used for the DISCERN_VTF_Learner_B6 demonstration will have the 

Secondary substation 

Disconnector manually controlled at disconnector location 

Disconnector remotely controlled from dispatch center. These also automatically open after 
around 4 seconds after the voltage disappears and reclose around 25-50 seconds after the 
voltage has returned. This functionality may be turned off and only the remote controlled  
 
 
 
functionality. 
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security zone classes: 

Zone 1: Substation equipment and MV feeder IEDs (sensors) 

Zone 2: SCADA and DMS 

Á Zone 2 cannot have a direct relation to Zone 4 without passing through Zone 3.  

Á Zone 2 can never have direct contact with the Internet. These systems are allowed to control 

equipment. 

Á Zone 4 systems are allowed to have contact with Internet, e.g. http or ISS, through firewalls 

By these rules the interfaces for data transmission between field equipment and IT environment must 

be encrypted and pass several firewalls between the zones before reaching the end destination. 

Integrations outside these rules are not allowed, this means that equipment in field using open public 

infrastructure as a communication channel must pass the GEAB IT environment and the different 

levels of security zones before the data can be shared with another system. 

The DISCERN_VTF_Learner_B6 data will be examined and subject to encryption before it will be 

allowed to pass the firewalls and zones and finally reach the SCADA system. 

4.2.4.2 Existing communication solution at the DSO 

One important pre-requisite for these R&D cases is to test the communication operation from a strict 

IT and information security perspective. This implies approved and secured solution for every part in 

the communication link, with unchanged conditions for communication availability and reliability criteria 

to and from all substation and network devices. 

For the DISCERN_VTF_Learner_B6 test area, the communication process starts at the point of the 

MV line where the sensors are installed. The three sensors, one for each phase, are connected to 

current transformers and to a ñsensor hubò, collecting the registered sensor information before it is 

passed on up in the value chain. 

The ñsensor hubò is connected to a specific communication modem and encrypts the sensor 

information before it is sent to the correct GEAB IP address over public network. GEAB/Vattenfall will 

own all the communication infrastructure such as modems, etc., but will hire data traffic capacity from 

an external service provider network, specifically accessible only for the defined purpose. 

From the substation, the DISCERN_VTF_Learner_B6 connected devices are connected to a router 

and switch before the data is sent on fibre optics to an antenna from which the information is 

transferred through a point to point radio channel to the GEAB network. The entire communication 

goes within the GEAB network, never using any services from an external communication service 

provider.  

The encryption of data and firewalls rules will be activities outside the project, but mandatory before 

anything deployed can be taken into operation for evaluation. 

4.2.4.3 DISCERN_VTF_Learner_B6 dependency to Project Smart Grid Gotland 

As described in the introductory sections the DISCERN_VTF_Learner_B6 demonstration will be 

running in parallel to the full scale SGG project. One reason for this is to allow the comparison of 

different solutions installed in field. A further reason why this technological comparison provides an 

interesting comparison and a unique R&D opportunity is that both approaches will share the same 

overlying system platform, specifically configured for these two R&D initiatives. 

System Platform. The SGG project scope includes a separate and tailored SCADA and DMS system 

for MV and LV monitoring and control, to be used by the GEAB Dispatch Centre. The same system 

platform will be supplied by ABB for DISCERN_VTF_Learner_B6 disposal as well. The system 

configuration and installation for DISCERN_VTF_Learner_B6 is the responsibility of the SGG initiative. 
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DISCERN_VTF_Learner_B6 will only provide initial MV feeder data and sensor information for system 

configuration by the SGG project. 

SCADA. The operational SCADA system will manage the substations and the underlying medium 

voltage network. The remote controlled and supervised network devices will be managed through 

SCADA and the network and outages will be handled by the DMS module of Network Manager. ABB 

Ventyx will install and configure the Operational SCADA/DMS system, build the data associated with 

the stations and underlying distribution network and import customer data related to the outage 

management application. Communication to the two stations will be based on the IEC 60870-5-104 

protocol.  

Equipment. Similar to the SCADA and DMS platform, SGG R&D case will include some equipment 

from ABB in one 70/10 kV substation, which also the DISCERN_VTF_Learner_B6 project will use and 

benefit from. The substation equipment from ABB that will be shared between the two Gotland 

demonstrations are substation switch gear, RTU 560 and protection unit REF615. Within the 

substation, the DISCERN_VTF_Learner_B6 project will also use the existing communication router 

and switch, as previously mentioned in section 4.1.3 above. 

Communication. The communications from the included primary substation and the connected MV 

network IEDs will be designed by the SGG project and also used by the DISCERN_VTF_Learner_B6 

project. This solution meets all the IT and information security criteria in addition to providing full QoS 

communication operation with respect to availability and reliability, see section 4.1.3 above. 

4.2.5. Functional requirements 

The types of faults that are considered in DISCERN_VTF_Learner_B6 are: 

Á 2- or 3-phase short circuits with or without connection to ground 

Á Earth fault (1-phase to ground) 

Besides these two fault types there are others which are very rare and can be difficult to detect, these 

are not considered in DISCERN_VTF_Learner_B6 but include: 

Á Open conductor (one or more conductor) without connection to ground 

Á Earth fault fed through secondary substation transformer 

2- or 3-phase short circuits with or without connection to ground are when two or three phases are in 

contact with each other. This leads to a current usually much higher than load current. Above a certain 

current the feeder will be tripped which can also be caused by overloading. 

Earth fault is when one or more phases gets in contact with ground, directly (solid earth fault) or 

indirectly via for example a tree. When an earth fault occurs an unbalance in the voltages appears and 

ground assumes the same voltage as the faulted phase, a zero sequence voltage can be detected. 

The presence of zero sequence voltage above a certain value is one of two criteria for tripping a 

feeder. 

A common cause of earth faults are tree branches coming in contact with one phase on an overhead 

line. In Swedish MV networks earth faults produces very small currents due to the transformer neutral 

arrangement, these currents can be difficult to measure accurately. During an earth fault the voltage 

on the faulted phase assumes ground potential which causes the healthy phases to assume up to 

phase to phase voltage. This applies to all feeders connected to the same bus bar and puts stress on 

the insulation and could cause further faults, which in practice is a 2-phase short circuit with high 

impedance. 

The transformer neutral arrangement, a resistor in parallel with a reactor (inductive), is used to 

compensate for the capacitive currents and to limit the current. In Gotland the value of the resistor is 

chosen so that at nominal voltage (phase to ground) across it the current is 4 A. The reactor is chosen 
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so that in the point of fault only active current flows, this is the current flowing through the resistor. 

During an earth fault loading current flows unchanged and to fulfil Swedish law the feeder protection 

needs to detect an active zero sequence current of 1,2 A (primary value) and a zero sequence voltage 

of 300 V (primary value) in order to be able to trip the faulted feeder. These are the parameters that 

the feeder protection uses, however along the feeders where sensors are installed another technique 

is employed which uses only current and make the decision if there is a fault downstream on changes 

from one window of time to another. One advantage of this is that, if direction of power is changed, the 

technique still makes the correct decision without any changes to settings, which would not be the 

case if using a conventional feeder protection relay. One disadvantage is that the used technique 

cannot provide a switch on to fault. 

Settings for the overcurrent protection depend on the short circuit capacity and how it changes as it 

travels out on the feeder. There are two different levels of settings, one for 2- or 3-phase short circuits 

that are close to the feeding substation, this has a high setting on current and short time delay, and 

one for faults further out, this high a lower setting on current and larger time delay. 

The sensors along the feeder shall only send information if the fault is downstream, indicating that the 

sensor has detected a fault and what the fault type is. The feeder relay trips the feeder and sends a 

disturbance record (COMTRADE file) to Com600. Com600 communicates with the SCADA/DMS to 

inform the personnel at the dispatch centre. 

By using the disturbance record and the electrical parameters of the feeder an estimate of the 

distance to fault is calculated in the substation and sent to the SCADA/DMS. 

4.2.5.1 Functional requirements in MV Substation 

Feeder protection with over current and earth fault protection functionality is installed in the MV 

substation. Above this, equipment for analysing events captured by the feeder protection is installed, 

Com600. Upon a disturbance, the feeder protection sends a disturbance record (COMTRADE file) to 

Com600 along with tripping the feeder. Com600 holds the electrical properties for the MV network and 

uses the disturbance record information to calculate an estimate on the distance to fault. For short 

circuits this is quite straightforward, but the system is also capable of giving an estimate for earth 

faults which is a very challenging task. This estimation for earth faults has not yet been tested in the 

field and so the performance is yet to be determined. Com600 communicates the distance estimate 

with the SCADA/DMS to inform the personnel at the dispatch centre. The estimate will reach 

SCADA/DMS within minutes after a disturbance. 

4.2.5.2 Functional requirements in MV Network 

Simple sensors will be installed at strategic locations along the feeder. These can indicate whether or 

not a short circuit or an earth fault has occurred downstream of its location. This information is sent to 

SCADA/DMS within a few seconds after the fault. 

4.2.5.3 Functional requirements in SCADA/DMS 

The SCADA/DMS processes the information given from Com600 and the sensors along the feeder. 

There are two ways that the SCADA/DMS can operate, both of which are based on the information 

from Com600 and the feeder sensors; the system can either automatically perform switching or can 

provide suggestions for actions to the operator. The latter or a combination of the two will probably be 

used since many disconnectors need to be operated manually in the field. The goal is to reduce 

outage durations, and this is achieved since there is a greater chance that the operator takes the best 

action and that field personnel can directly be sent to the correct area based on this enhanced 

information. This is an improvement compared to today where the operator only sees that a breaker 

has opened and sometimes has information on the type of fault. 
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4.3. Mapping to D2-3.1 Catalogue 

The DISCERN_VTF_Learner_B6 equipment specification has been mapped against the catalogue of 

DISCERN_VTF_Learner_B6 Use Case in deliverable D2-3.1 ñCatalogues and requirements for 

distributed devices and communication architecturesò [D2-3.1].  

Table 4-3  shows the mapping including the equipment from the catalogue that was chosen for 

DISCERN_VTF_Learner_B6. The table highlights in red the apparatus that are not available already 

at the demonstration site and that will not be provided by Smart Grid Gotland project. These apparatus 

are the Protrol IPC4012 (which is mapped in the catalogue to Current Sensors, IED and Fault 

Passage Indicator at the MV networks), the current sensor ABB NPAC-KOHU-24A2, and ABB 

Com600, which is the ABB solution for the Fault Analysis Tool.  

 

Table 4-3. DISCERN_VTF_Learner_B6 equipment specification reference to D2-3.1 catalogue 

Actor 
Equipment 

MV Substation 
Equipment 
MV network 

Equipment 
DMS/SCADA System 

Comment 

Current Sensor 
Current sensor already 

integrated with the 
switchgear 

ABB NPAC-KOHU-
24A2 

  

Voltage Sensor 
Voltage sensor already 

integrated with the 
switchgear 

Na   

Switch Controller Na Na  

Switch equipment exists 
in the present solution, 
but not in operation for 
the demonstration site 
test case (see section 0) 

IED ABB REF615 Protrol IPC4012  

The Protrol IPC4012 
manages also to perform 
calculations and 
comparisons against 
threshold values, hence 
it is mapped against the 
Actors ñIEDò and ñFPIò 

Fault Passage 
Indicator 

Na Protrol IPC4012  

The full concept of 
CT+IPC4012 and 
communication devices 
fulfil the definition of the 
FPI Actor 

Remote Terminal 
Unit 

ABB RTU560 Na   

Data Aggregator Na Na  

Data aggregation 
hardware (concentrator) 
exists in the present 
solution, but not in 
operation for the 
demonstration site case 
(see section 0).  
The ñconcentratorò is 
used for aggregation of 
data from existing 
RADIUS disconnectors 

Fault Analysis Tool ABB COM600A Na   

SCADA   ABB SCADA  

 

What follows provides a summary of the DISCERN_VTF_Learner_B6 equipment. Further details 

about the equipment are provided in section 4.4: 

Á Protrol IPC4012 (Current Sensor, IED, and Fault Passage Indicator) 

Á ABB COM600A, a computer and tool for Fault Analysis (Fault Analysis Tool), with a built in RTU 



D5.3 Technical specifications for implementation and economic analysis 
   
 
 

DISCERN_WP5_D5 3_141114_v3.0                             Page 28 of 67                

functionality 

Á ABB REF615, bay controller and bay protection (IED in MV substation) 

Á ABB NPAC-KOHU-24A2 (Current Sensors) 

Á ABB SCADA System (SCADA) 

4.4. Equipment specification 

4.4.1. MV Substation 

The solution includes equipment in the feeding substation. Both equipment especially dedicated for 

this solution and equipment in the ordinary SA system is used for purposes of fault location. The 

equipment for the test works as an integrated part of the solution. 

4.4.1.1 Existing Equipment 

The 10 kV feeders are protected by circuit breakers controlled by modern IEDs that communicate 

between each other and with an RTU via a station communication bus, IEC 61850-8-1. This 

equipment is additionally used for receiving, storing and communicating information to the Fault 

analysis tool. 

The related equipment is: 

Á Combined current and voltage sensors, three phase, for each feeder 

Á Conventional voltage transformer for the 10 kV bus bar 

Á IED of type ABB REF615 for each bay 

Á Remote terminal unit ABB RTU560 on substation level for communication to SCADA (to be used 

in the SGG technical solution) 

 

Table 4-4. DISCERN_VTF_Learner_B6: Existing Equipment (or equipment to be delivered in Smart Grid Gotland) 

Equipment Manufacturer Type 

Current sensor
 

ABB 
NPAC-
KOHU-
24A2 

Voltage sensor ABB VOL-24 

IED
3 

ABB REF615 

RTU
 

ABB RTU560 

 

4.4.1.2 New Equipment 

For evaluation of the feeder data received from the IEDs a new calculation tool used. The tool is 

essentially a set of software programs included in a computer with integrated communication facilities. 

The set of tools and functions developed by ABB are intended for a product release in 2014. Detailed 

data about the ABB COM600A tool, apart from the general description provided in the catalogue of 

[D2-3.1], cannot be presented before its introduction into the market.  

                                                                 
 
 

3
 Should the IEDs of Smart Grid Gotland project not be available for the test period of Discern, IEDs with similar data shall be 

installed and connected to CT and VT in existing outdoor switchgear 
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Table 4-5. DISCERN_VTF_Learner_B6: New Equipment Specification for MV Substation 

Equipment Manufacturer Type 

Fault analysis tool ABB COM600A 

 

Functional Description 

The information provided to the fault analysis tool is gathered from the indoor 10 kV switchgear, ABB 

Unigear Digital. Unigear Digital includes combined control and protective IEDs of type REF615, which 

are connected together via a digital communication bus, LAN.  

Physical & constructive characteristics 

The Fault Analysis Tool is a software application installed in a computer connected to the ñswitchgear 

LANò. The computer includes all required communication facilities for receiving data from the IEDs and 

for sending data to the local control centre.  

For each outgoing feeder in Unigear Digital is an IED installed. The IED is connected to a combined 

current and voltage sensor. The sensor signals are detected with high resolution by the IED. In 

addition to the trip signal to the feeder breaker, the protection functions in the IED control an 

integrated disturbance recorder to store a record of current and voltage before and after the period of 

the fault. The IED will inform the fault analysis tool that a disturbance report has been stored.  The 

computer will pick up the report (in Comtrade format) from all IEDs that have reports available for 

calculation by the fault analysis application.  

The fault analysis tool will send a report including the calculated distance to fault based on data of the 

actual line to the SCAD/DMS via the WAN connection. 

Communications 

The internal substation communication is managed by a ñstation LANò. The LAN is intended for 

communication connection between all IEDs (inter-bay bus) and station level HMI and remote 

communication devices (station bus). Note that only the new IEDs delivered as a part of the SGG 

project will be connected to the LAN.  The inter-bay bus in Unigear Digital will manages different kinds 

of numerical communication, such as IEC 61850-8-1 (MMS), GOOSE, IEC 61850-9-2 and file transfer 

(ftp). The station bus, which is a part of the same LAN will use IEC 61850-8-1 and ftp. 

The communication from station RTU (or the computer including Fault Analysis Tool) to central 

SCADA system will use a WAN with the protocol IEC 60870-5-104  

4.4.2. MV Network 

For identification of fault on one of two or more branches in the network a fault detector of type Protrol 

IPC is used. The fault detector requires information from a three phase current sensor for detection of 

a one phase fault or short circuit (note the selected fault detector can identify the direction of fault 

current without measuring voltage). 

4.4.2.1 New Equipment 

The fault detection devices can be located on a cable connection to a 10/0.4 kV transformer or in 

conjunction to an overhead line disconnector. 

The complete set consists of: 

Á Control box (outdoor) including: 

o Fault detector, IPC 
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o Power supply device with battery back-up 

o Communication devices for wireless WAN, net 1 

Á Thee phase current transformer (or three one phase devices) 

Á Single phase voltage transformer (for auxiliary power supply to the control box)  

  

Table 4-6. DISCERN_VTF_Learner_B6: New Equipment Specification for MV Network 

Equipment Manufacturer Type Data 

Current Sensor ABB NPAC-
KOHU-
24A2 

Ratio: 100/1A 

Voltage Sensor ABB VOL-24 Ratio: 10/ 0.11 kV, 50 VA, (connected L1-
L2 for power supply to control box)  

Fault Passage 
Indicator 

Protrol IPC4012 Power supply: 24 V DC 
Current sensor input: 0-1 A  
Communication interface: 100BASE-TX 
RJ45, IEC 60870-5-104 

Power supply 
devices 

Protrol - Input: 110 V AC 
Output: 24 V 
Battery back-up: 24 V 

Communication 
Device (modem) 

Digi Digi 
TransPort 
WR21 

Input: RJ45, LAN, IEC -104 
Output: Wi-Fi, WAN, IEC -104 

 

Functional Description 

The fault detector IPC4012 measures the current of each phase and detects short circuits or earth 

faults. If a fault is detected the device will send an alarm signal via serial communication, with the 

communication transferred to a wireless WAN communication using net1.  

If the SCADA systems pics up a fault signal, via the wireless WAN, from any of the fault detectors the 

system will transfer the information, together with the identifier of the detector, to DMS. The DMS 

system knows the location of each fault detector in the network and will combine that the information 

with the calculated distance to fault for indication of the branch in which the fault is located 

Physical & constructive characteristics 

The fault detector is a small and cheap protective IED which is typically used in secondary substations 

in urban MV cable networks. The IEDs are equipped with a port for simple serial communication (in 

cable network) but can be extended to operate in LAN/WAN communication. A specific feature of this 

IED is that it can identify an earth fault after the point of measurement without the need for voltage 

measurement. The method is protected by a patent. 

In this application the detectors are used in rural grid network mainly using over head-lines. For 

overhead-lines the IED will be mounted in a weather-proof box together with power supply and 

communication devices. The IED is connected by copper cable to a three phase current sensor on the 

MV level. The current sensor will preferably be built in conjunction with a MV disconnector. 

The auxiliary power system for the IED and other devices in the box is supplied from a voltage 

transformers connected between two phases. The AC power is converted to LV DC for power supply 

to the devices. The DC system includes a battery for back-up supply.  

Communications 

The fault detector IPC4012 communicates via a LAN port, with RJ45 using IEC60870-5-104. The 

electric LAN connection is transferred to a wireless communication using net 1. The receiver of the 

wireless communication is the central SCADA system. 
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4.5. Verification and Testing 

Demonstration verification and testing are planned to be made in two steps, firstly in an IAT and 

secondly after deployment at site, in an SAT. When the equipment and system environment is verified 

to work correctly and provide trustworthy results, the solution will be approved and the demonstration 

taken into operation. 

4.5.1. Internal Acceptance Test (IAT) 

The IAT should be divided into those parts that can be individually tested. There are two entities in this 

solution, the sensory equipment in the field and the protection relay and fault analyser in the 

substation. The internal acceptance test will secure that the devices send data using well known 

formats. 

4.5.1.1 IAT for the Protrol sensory equipment 

This testing will secure that the Protrol equipment sends data as soon as earth fault like disturbances 

are sensed. It will be tested using simulation equipment and network monitoring software. This will be 

carried out in the ABB test area in Västerås.  

Testing includes a set of reliability, robustness, accuracy and boundary condition testing. The testing 

is concluded when ABB has asserted that the equipment sends signals on earth fault detection and 

that those signals are sent to the connected NetOne communication equipment. 

4.5.1.2 IAT for the SSA and REF615 

The cabinet is built to be mounted in the secondary substation. The IAT for a cabinet will follow ABB 

SA Systems standard routines for construction and pre-delivery verification. Before test approval of all 

construction drawings will be undertaken in the panel shop.  

Upon delivery to the test area the cabinet is powered up and SA system staff tests the protection relay 

along with all apparatus and cabling. When the system integrity has been tested, the logical function 

and signals of the REF615 will be tested using simulation equipment. 

The IAT also verifies that DR files can be analysed using the fault distance algorithms. It will also 

include verification that the results of the calculations are sent to the overlaying system. 

4.5.2. Site Acceptance Test (SAT) 

The SAT serves to verify the entire system function, primarily from a communication perspective. 

Testing starts once the first sensor and the station cabinet has been installed. The first step involves 

connectivity testing to make sure that both solution types work and can be reached by the overlaying 

system. 

The alarm functions are assumed to be working after the IAT and will only go through minimal testing 

at SAT. Site testing secures that the technical solution is installed properly and operates according to 

the requirements to provide trustworthy results. 

4.5.2.1 Communication test REF615 and COM600A  

This involves the communications control on site, DR files to COM600A, and communication of the 

analysis result to the network.  

Since the presentation of the data in the overlaying system is, as of this report, yet to be defined the 

specification of tests cannot yet be done. However, regardless of where the data is sent it should be 

controlled for consistency and latency. 
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4.5.2.2 Communication test sensors 

This involves the communications control on site, testing of the signal to SCADA, sending a test 

current through the transformer once installed, testing both local communications and those to the 

SCADA, and reading the disturbance file in the IED. 

If possible the intention is to test both local (Fault Analyser Tool) and Protrol IPC4012 IEDôs at the 

same time to see the presentation of information in the SCADA system. 

4.5.3. Testing after Go-live 

ABB Finland will use the Discern SGG deployment as a part of their testing of the COM600A 

functionality for compensated networks. As part of the deployment testing ABB will assign staff and 

equipment to test the COM600A and sensors by triggering fault like signals in the network.  

Repetitive testing of this sort will give Discern SGG a good basis for evaluating the efficiency of the 

solution. The plan for how and when this testing will be done has not yet been settled, but the ambition 

is to run this during the peak months of the year of testing. 
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5. DISCERN_IBDR_Learner_B7bd Technical Specification 

5.1. Project background 

5.1.1. DISCERN_IBDR_Learner_B7bd within the context of PRICE project 

The PRICE project is a Joint Demonstration Project performed by Iberdrola and Unión Fenosa, 

consisting of the deployment of a global intelligent electrical network solution for their different power 

distribution systems in a shared geographic area, the Henares region, to get the experience and 

knowledge of deploying and managing intelligent transmission and distribution power systems.  REE, 

the Spanish TSO is also a partner of the project. 

 

 

Figure 5-1. Geographical location of the PRICE pilot region. 

 

Table 5-1. Summary of PRICE key figures and specifics of Iberdrola 

PRICE Key Figures - Iberdrola 

Starting date 2011 

Duration 44 months 

Total budget 

34 Mú (excluding smart meters) Project submitted 
to the INNPACTO funding program, funded by the 
Spanish Ministry of Economy and Competitiveness 
and by FEDER funding. 

Location Spain 

Inhabitants 
500.000 inhabitants involved (Iberdrola + Unión 
Fenosa Distribución) 

Customers 200.000 customers (~150.000 Iberdrola) 

Voltage level >1.500 MV/LV Substations (~1352 Iberdrola) 

Action Plan (nº of  IBDR SS) 
Remote management 1287 / MV Monitoring 315  / 
MV Automation 92 

Networks Topologies Urban, Semi-urban and Rural 
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The general goals of the project are: 

Á Monitor and automate the MV/LV power network, improving its operation and               

maintenance 

Á New power management system 

Á Improve the integration of already existing distributed generation (73,300 kW). 

Á New options and services to integrate demand 

Á Facilitate the integration of electric vehicles 

Á Contribution to interoperability and common open standards 

Through these, the PRICE project aims to provide answers to the technological challenges worldwide 

associated with the next generation of electrical systems.  

Some of the most important challenges to be faced in the forthcoming years are the aging of systems 

and electrical infrastructure, the growth in demand for energy supply, the increasing presence of 

renewable energy sources, the integration of electric vehicles (EV) in the network and the need to 

improve the security of energy supply and reduce dependence on non-renewable energy sources.  

PRICE is expected to be an international reference in the research field of smart grids. For this 

reason, the main objectives of the project are aimed to offer innovative, public, open and standardized 

technological solutions to ensure interoperability and competitiveness. 

This initiative covers several areas in order to meet the needs identified for the development of a 

smart grid within a framework of efficiency, security and sustainability. In order to develop it, the 

PRICE project is based on the following sub-projects: 

PRICE-RED: Monitoring and Automation, aims to create an international reference in the development 

of a unique solution for monitoring and automation of transformation centres since there are related 

systems only at the substation level but not in medium voltage. PRICE RED will develop an 

interoperable platform to promote synergies between electricity utilities and manufacturers so as to be 

easily exportable and adaptable to international energy networks. 

PRICE-GEN: Energy Management, will focus on topics related to smart grid energy management 

through the development of an optimal and interoperable network architecture, taking into account the 

changing needs of the intelligent network and the implementation of the architecture by developing 

new smart metering equipment to provide accurate information of the consumption and generation of 

customers, as well as information of the energy grid.  

PRICE-GDI: Distributed Generation, will focus on finding solutions that enable successful integration 

into the electricity network of distributed energy resources. Distributed generation is increasingly 

present in the distribution network. Moreover, the distributed renewable generation is growing because 

of the initiatives for combating climate change and sustainability promoted by the actual energy 

policies. Due to the design of the actual power grids, the system is not ready for an electricity scenario 

with a large presence of renewable generation due to the characteristics of this kind of electricity 

generation that would not allow a proper operation of the network. 

PRICE-GDE: Demand Management, aims to develop a consumption monitoring system for customer 

use to enable the implementation of the Intelligent Management of the electricity demand. The main 

objective is to obtain a more responsible and efficient use by end users. Therefore, proper 

communication between the system operator, distributors and retailers for intelligent action on end 

consumer demand is one of the main challenges of this project. 

The main relevant PRICE sub projects for DISCERN are RED and GEN. Specifically, sub-functionality 

B7bd ñReal time monitoring of LV gridò will be framed within PRICE-RED. For further information: 

http://www.priceproject.es/en.  

http://www.priceproject.es/en
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5.1.2. Description of sub-functionality 

DISCERN sub-functionality B7bd ñReal time monitoring of LV gridò has its origin in the complete list of 

high level services identified by the European Electricity Grid Initiative (EEGI) [D1.1]. The EEGI 

suggests services and functions to enable successful deployments of Smart Grid solutions. In this 

approach, Smart Grid actors provide services based on a combination of functionalities to other smart 

grid actors and beneficiaries. Provision of such services (e.g., ñEnhancing efficiency in day-to-day grid 

operationôò, or ñSecurity and quality of supplyò ï see all the EEGI services in [D1.1]) is enabled by 

execution of Smart Grid functionalities (e.g., ñEnhanced monitoring and observability of network 

components down to low voltage levelsò). It is an efficient and successful implementation of the 

functionalities that ensures the provision of the services and leverages its benefits to customers and 

society. 

Specifically, service B is called ñEnhancing efficiency in day-to-day grid operationò within which 

functionality B7 deals with enhancing monitoring and observability of network components down to low 

voltage levels. DISCERN has developed this framework detailing sub-functionalities that match with 

this topic. Through this work, four different sub-functionalities where proposed: Low voltage grid 

outage detection, Real time monitoring of LV grid with minimal AMR for observability purposes, Low 

Voltage Grid State Estimation and Supervision of LV grid quality of supply. Due to the relationships 

established between some of these and the capabilities of the equipment that also cover more than 

one sub-functionality, only one sub-functionality was finally defined to combine different aspects, 

called B7bd ï Real time monitoring of LV.  

Iberdrolaôs Learner solution for B7bd is based on the advanced monitoring of LV to provide new data 

and information about this network. The Leader Use Case that has been taken as reference, following 

the novel 3L methodology defined in the DISCERN project [D1.1], has been the UFD solution [D4.2]. It 

is worth noting that both approaches are not completely equivalent however the feedback from the 

experience gathered by the Leader will still be valid. 

Iberdrolaôs Learner Use Case [D4.3] deals with the advanced monitoring of LV networks in Secondary 

Substations through collecting and calculating magnitudes at the phases of each LV line and LV panel 

busbar level. It is expected that the main new equipment will consists of an IED that works as an 

advanced LV supervisor. This will be in charge of collecting both new pieces of information from the 

LV grid and the SM readings from the clientsô premises. 

5.1.3. Technical solution summarised by SGAM component layer 

Figure 5-2 shows the technical solution for DISCERN_IBDR_Learner_B7bd summarised by the SGAM 

component layer. The figure highlights those pieces of equipment that must be installed during 

DISCERN, that is: Current Sensors and Voltage Sensors to collect LV measurements and the IED to 

perform a series of calculations based on these measurements as well as collecting smart meter 

readings. These components are the focus of the technical specification. The rest of the equipment 

(Smart Meters, Meter Data Concentrator ï which acts in this solution just for providing DLMS/COSEM 

interface with upper systems, communication equipment, AMI Head End, and Meter Data 

Management System ï which works in this solution as a server to store and manage the data 

collected by field devices) is already implemented at the PRICE demonstration site. 

 



D5.3 Technical specifications for implementation and economic analysis 
   
 
 

DISCERN_WP5_D5 3_141114_v3.0                             Page 36 of 67                

 

Figure 5-2. DISCERN_IBDR_Learner_B7bd Technical solution summarised by SGAM component Layer [D4.3] 

 

5.2. Field test description 

5.2.1. Field purpose 

DISCERN_IBDR_Learner_B7bd aims at providing advanced monitoring of LV networks in Secondary 

Substations by collecting and calculating magnitudes at both phase line and LV panel busbar levels. 

The solution comprises new measurement devices (Current Sensors and Voltage Sensors) in a 

Secondary Substation for improving the observability of the low voltage network, together with an IED 

that perform as an advanced LV supervisor. The IED collects both new measurements form the LV 

grid sensors and the Smart Meter readings from the customer premises. The different with the actual 

implemented solution is that the LV measurements and calculations are done per line and phase in 

each of the LV line. This fact contributes importantly to the LV grid monitoring leading to a better 

knowledge of the gridôs state. 
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5.2.2. Site specific requirements 

At this stage of the project, the precise location of the demonstration site is not available (see section 

5.2.4.3). The definitive one-line diagram of the solution will be included in [D7.1] ñImplementation and 

deployment planò once the equipment and location for the deployment are selected. Figure 5-3 

represents, at high level, the architecture of the solution expected for B7bd. From each Secondary 

Substation a series of LV feeders leave in order to supply electricity to LV customers (UÒ1kV). In 

Spain this customers are mainly residential and commercial. Each of the feeders has three phases 

and a neutral conductor. From each line, different load types can be connected (phase-neutral or three 

phase-neutral). 

 

 

Figure 5-3. General representation of DISCERN_IBDR_Learner_B7bd solution (Source ZIV) 

5.2.3. Specific Spanish conditions 

It is worth mentioning the main difference between the solutions that will be implemented in the field 

test and the actual solution implemented in some SS. Currently some LV supervisors are being 

installed taking advantage of the massive deployment of SMs and AMI due to the Spanish mandate 

ITC/3860/2007. The main distinction between this solution and the one proposed in B7bd is the 

granularity of the collected data and some new pieces of information calculated from it. The novel 

solution will perform measurements and calculations per phase in each of the LV lines; whilst the 

existing solution is at bus bar level.  

The proposed solution will contribute significantly to the LV grid monitoring leading to a better 

knowledge of the gridôs state, which is of special interest due to challenges that DSOs will need to deal 

with in the coming years. Until now LV networks have been quite unknown and with elements 

manually controlled. Moreover, other aspects are evolving around these networks such as the 

connection of distributed energy generation bringing complexity of the management of its 

intermittency, massive connexion of new type of loads such as electric vehicle charging that presents 

specific patterns of demand and implementation of different Active Demand Response initiatives.  

In conclusion, increasing the knowledge about what is happening in the LV networks will provide 

interesting capabilities to faces these challenges in an advantageous position. It will allow the design, 
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operation and maintenance phases of LV infrastructures to be optimised. For example, efficiency will 

be improved due to transformer phase balance and load optimisation, better customer service will be 

provided thanks to the QoS measurements (blowout fuses, fraud detection, load feeder unbalances, 

quality of supply assessment, etc.). 

5.2.4. Boundary conditions for the demonstration 

This subsection is aimed at presenting some information about the Iberdrola network in general and 

the PRICE area in particular. 

5.2.4.1 General network data 

Table 5-2 shows general information about the Iberdrola distribution network: 

 

Table 5-2. General network information for DISCERN_IBDR_Learner_B7bd 

General network Information 

Á Transmission/sub-transmission voltages manage by Iberdrola Distribución (132kV): meshed 
Á Meshed MV network operated in a radial way with ground unique in the head PS or SS  
Á Radial LV network 

Voltage levels: 

Distribution 
MV 30kV, 20kV, 15kV, 13kV, 11kV 

LV <1000V 
 

Most common types of networks in MT managed by Iberdrola Distribución: 
Á Aerial (rural): outside SS or indoor SS in derivation 
Á Underground (urban): in and out SS 
Á Mixed 
 

More general figures about the network can be found in [D4.1] 

 

 

5.2.4.2 Iberdrola PRICE project network area characteristics 

The PRICE project, within the PRICE GEN-RED, will deploy an optimal and interoperable network 

architecture that allows control, monitoring and automation of secondary substations, taking into 

account the new smart metering equipment, the communications infrastructure, the DMS and the LV 

energy balance. Figure 5-4 shows the Iberdrolaôs approach. 
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Figure 5-4. Summary of the general Iberdrola PRICE GEN-RED project architecture 

 

Different SS and communication options can be found in the Iberdrola PRICE project area. The 

following figures summarise all the alternatives for Iberdrola. Knowing the communication available at 

the selected SS might influent in the communication specification of the equipment to implement for 

B7bd. 

 

 

Figure 5-5. Summary of the Secondary Substation architecture in the Iberdrola demo area 
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Figure 5-6. Summary of the communication infrastructure in the Iberdrola demo area 

 

5.2.4.3 Selection of the field location 

The field implementation is planned based on the installation of the solution in one Secondary 

Substation within the Iberdrola demo area. The detailed description of the location (e.g. number of 

feeders, number of power transformers, number of customers, etc.) will be available once it is 

selected. At this point, it is possible to list some criteria to select the location for the field implantation. 

Á High number of residential clients (to have a good sample of measurements) 

Á Low number of commercial activities to avoid pay compensation for service interruptions during 

the installation  

Á nº of transformers and/or lines of the Secondary Substation 

Á The SS must already be included in the AMI 

The implementation plan will be described in deliverable D7.1 ñImplementation and deployment planò 

[D7.1]. 

5.3. Mapping to D2-3.1 Catalogue 

The DISCERN_IBDR_Learner_B7bd equipment specification has been mapped against the catalogue 

of DISCERN_IBDR_Learner_B7bd Use Case in deliverable D2-3.1 ñCatalogues and requirements for 

distributed devices and communication architecturesò [D2-3.1].  

Table 5-3  shows the mapping including the equipment from the catalogue that was chosen for 

DISCERN_IBDR_Learner_B7bd. The table highlights in red the apparatus that are not available 

already at the PRICE demonstration site. These apparatus are the ZIV SISP-1 (which are the Voltage 

Sensors at the LV network), ZIV 5CTI (which are LV feeder supervisors acting as Current Sensors 

with some IED functionalities at the LV network, although it cannot be confirmed yet), ZIV 4CCTI 
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(which is mapped to the IED actor), and a Kit Pronutec (which facilitates the connection of the 5CTI 

units to the LV panel and get some current measurement). 

 

Table 5-3. DISCERN_IBDR_Learner_B7bd equipment specification reference to D2-3.1 catalogue 

Actor 
Equipment 

Secondary Substation & Upper 
Systems 

Customer 
Premises 

Comment 

Current Sensor ZIV 5CTI & Kit Pronutec Na 

The ZIV 5CTI feeder supervisor 
includes Current Sensors. The number 
of ZIV 5CTI depends on the number of 
lines of the centre they will be installed 
in 

Voltage Sensor ZIV SISP-1 Na 
The number of ZIV SISP-1 sensors 
depends on the number of lines of the 
centre they will be installed in 

IED ZIV 4CCTI Na 

The IED functionality is carried out by 
one ZIV 4CCTI in the Secondary 
Substation, and ZIV 5CTI feeder 
supervisors placed at LV feeders 

Smart Meter Na - 
Smart Meters already installed at 
Customer Premises 

Meter Data 
Concentrator 

- Na 

The Meter Data Concentrator is already 
installed at PRICE demonstration site ï 
in DISCER_IBDR_Learner_B7bd it is 
just aimed at providing DLMS/COSEM 
interface for upper systems 

AMI Head End ITRON Saturne Na 
The AMI Head End is already installed 
at PRICE demonstration site 

 

What follows provides a summary of the DISCERN_IBDR_Learner_B7bd equipment. Further details 

about the equipment are described in section 5.4: 

Á ZIV SISP-1  (Voltage Sensor) 

Á ZIV 5CTI (Current Sensor and IED) ï This decision is still not confirmed. 

Á ZIV 4CCTI & Pronutec Kit (IED) 

Á Smart Meters with interface PLC-PRIME available at PRICE demonstration site 

Á Meter Data Concentrator with interface DLMS/COSEM available at PRICE demonstration site 

Á ITRON Saturne available at PRICE demonstration site (AMI Head End) 

5.4. Equipment specification 

5.4.1. Secondary Substation & Upper Systems 

5.4.1.1 Existing Equipment 

The existing components at the secondary substations and upper systems of the Iberdrola PRICE 

demonstration site that are relevant for the DISCERN_IBDR_Learner_B7bd solution are the Meter 

Data Concentrator, AMI Head End, and Meter Data Management System. The existing Meter Data 

Concentrator is used in DISCERN_IBDR_Learner_B7bd technical solution for providing a 

DLMS/COSEM with upper systems. These upper systems are the INTRON Saturne AMI Head End 

and a Meter Data Management System, which is a software tool developed outside the scope of this 

solution and that in the context of DISCERN_IBDR_Learner_B7bd. 
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5.4.1.2 New Equipment 

The DISCERN_IBDR_Learner_B7bd solution will install new equipment at the secondary substation in 

order to perform calculations from LV measurements and smart meter readings. Table 5-4 

summarises the DISCERN_IBDR_Learner_B7bd new equipment at the secondary substation. 

 

Table 5-4. DISCERN_IBDR_Learner_B7bd: New Equipment Specification for Secondary Substation 

Equipment Manufacturer Type 

IED ZIV 4CCTI 

Kit Pronutec Pronutec Kit 

Current Sensor & IED ZIV 5CCTI 

Voltage Sensor ZIV ZIV SISP-1 

 

Functional Description 

The functionality of the IED of DISCERN_IBDR_Learner_B7bd as described in the catalogue of 

deliverable D2-3.1 ñCatalogues and requirements for distributed devices and communication 

architecturesò [D2-3.1] will be realised in the technical solution to be implemented at the demonstration 

site by means of the ZIV 4CCTI device at the secondary substation and the ZIV 5CCTI LV feeder 

supervisors placed at the LV network.  

The ZIV 4CCTI will monitor the secondary part of the power transformer (bus bar measurements) and 

manage the data received from the ZIV 5CCTI LV measurements (feeder measurements). As detailed 

in [D2-3.1], the calculations carried out by the combination of ZIV 4CCTI device and ZIV 5CCTI LV 

feeder supervisors includes: sequences and imbalances (neutral current, symmetric components, 

voltage unbalances), harmonics and Interharmonics, event and alarm reports, and power quality 

indexes (power factor, voltage profiles).  

The functionality described in [D2-3.1] for the Current and Voltage Sensors will be realized in the 

DISCERN_IBDR_Learner_B7bd technical solution that will be implemented at the demonstration site 

by ZIV 5CCTI and ZIV SISP-1 devices, respectively. ZIV SISP-1 devices are able to collect LV 

measures per phase. Meanwhile, ZIV 5CCTI LV feeder supervisors meet the requirements for the 

Current Sensors and, in addition, carry out calculations from the LV measurements according to the 

IED functionality. These measurements and calculations are sent to the ZIV 4CCTI device at the 

secondary substation.   

Technical characteristics 

ZIV 4CCTI is a hardware device that will be installed at the secondary substation along with the other 

sensors. It is a smart meter data concentrator able to monitor the secondary part of a power 

transformer and it will be able to manage all the CTIôs products installed in the LV feeders. Further 

technical details are available in: http://www.meteringsolutions.ziv.es/ziv/global-ami.html#4CCT. 

ZIV 5CCTI LV feeder supervisors and ZIV SISP-1 are hardware devices that will be installed at the LV 

panel of the Secondary Substation. The Low voltage feeder supervisor ZIV 5CTI product behaves as a 

three phase meter for each LV feeder. It meets the requirements for both the Current and Voltage 

Sensors. Further technical details on the devices ZIV 5CCTI and ZIV SISP-1 are available in:  

¶ http://www.meteringsolutions.ziv.es/ziv/lv-automation-systems.html#5CTI  

¶ http://www.meteringsolutions.ziv.es/ziv/sistemas-automatizacion.html#SENSORES  

http://www.meteringsolutions.ziv.es/ziv/global-ami.html%234CCT
http://www.meteringsolutions.ziv.es/ziv/lv-automation-systems.html%235CTI
http://www.meteringsolutions.ziv.es/ziv/sistemas-automatizacion.html#SENSORES

















































