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Executive Summary 

Renewable Energy Sources (RES) are probably the main driver of the ongoing energy 
revolution all over the world which in turn drives for a deep review in the energy infrastructure 
design, control and regulation logics. Moreover, the regulatory framework and the energy 
market infrastructure need also to be consequently updated. 

Actually, in such a context, inteGRIDy envisions the realisation and demonstration of a 
solution that helps to meet the challenges under a variety of environmental, market and 
societal conditions at 10 pilot and demonstration sites throughout EU.  

In this report, the 10 Pilots are presented summarising for each one of them a description of 
the implementation site and of the needs and opportunities is the area. This is to point out 
the different characteristics of each Pilot in order to motivate approaches proposed. 

Isle of Wight (UK, Section 2), TERNI (IT, Section 3), Nicosia (CY, Section 7), Xanthi (GR, 
Section 9) Pilots are related to grids in geographical islands or to microgrids (i.e. localised 
loads and generators that could operate connected to the traditional centralised electrical 
grid, but can disconnect and function autonomously). Actually, these Pilots are addressed to 
effectively manage the intermittent renewable generation, avoiding costs for grid extension. 

San Severino Marche (IT, Section 4), St-Jean (FR, Section 6) Pilots are also committed to 
tackle renewables in a distribution grid. In these Pilots, the connection to the main grid is 
supposed to be strong, nevertheless significant needs are in the optimisation of the 
infrastructures management, increasing the efficiency and reliability, and developing effective 
market structure, capable to open the electric pool both to the small (renewables) generators 
and loads. 

The market organization is then the main target of Barcelona (ES, Section 5), Lisboa (PT, 
Section 8), Ploiesti (RO, Section 10), Thessaloniki (GR, Section 11) Pilots. They are related 
to the management of buildings (residential and commercial) energy needs (electric and 
thermal ones) in order to identify effective demand response approaches.  

Subsequently, the architecture of each Pilot is described, adopting the standard 
ISO/IEC/IEEE 42010. With respect to these architectures, Goals and Use Cases are 
described. Actually, inteGRIDy project is arranged with respect to four pillars on which the 
inteGRIDy project is based: Demand Response, Smartening the Distribution Grid, Energy 
Storage and Smart Integration of grid users from Transport. Goals and Use Cases have 
been consequently classified. 

Furthermore, a preliminary description of the regulatory framework in place is provided with 
the goal to point out the main needs in term of evolution required in order to open a feasible 
commercial target for the approaches investigated. Similarly, technology bounds, for each 
Pilot, are discussed. 

In all the Pilots an evolution of the regulatory framework is considered to be mandatory in 
order to allow innovative energy approaches (demand response, energy storage exploitation) 
and in order to have an economic viability of the renewables exploitation (opening the 
ancillary services markets today somehow confined to traditional power plants). 

The current European regulatory framework on demand response [EUR12] states that 
National regulatory authorities shall encourage these new strategies to participate alongside 
supply in wholesale, balancing, ancillary services and retail markets and should define 
technical modalities for the participation of demand response in balancing reserves and other 
system service markets on the basis of the technical requirements of these markets. 
Actually, [EUR12] results perfectly coherent with respect to the review provided in this report; 
consequently, inteGRIDy Pilots will result an adequate, on time, test bed for the definition 
and validation of effective demand response approaches for inteGRIDy Pilots.  
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Similarly, the recent EU Winter Package [NIC15] puts strong emphasis on the ancillary 
services provision from dispersed generation, renewables and energy storage. In many EU 
countries, consultation are ongoing in order to identify adequate approaches to the opening 
of the ancillary services market. inteGRIDy Pilots result coherent also with respect to this 
topic and will test on-field approaches devoted to aggregate resources and provide a 
balancing contribution to the grid.  

In the end, miscellaneous concerning each Pilot are discussed in order to point out their 
peculiarities: 

Isle of Wight Pilot, leaded by a public-sector organization will particularly focus on ensuring 
that all residents, especially the more vulnerable, will benefit from the smart grid transition. 
The focus is to provide an appropriate level of service to those not able to navigate the new 
market. 

San Severino Marche geographically is located in an area presenting hydrogeological and 
seismic risk, which could have an impact on the electric grid, causing system reliability 
reduction. Consequently, smart approaches could be quite useful in order to provide a 
reliable and safe service to dwellers. 

From a technological point of view, in the Ploiesti Pilot a demand response solution will be 
developed from the scratch. Being the first implementation of this type in Romania, it will 
offer a good opportunity not only for testing a technological architecture but also to validate 
the approach effectiveness, the social impact and the specific business models. 

In Thessaloniki Pilot the final users perception of the demand response approach proposed 
will be evaluated; on top of that, final users will be properly engaged in order to have an 
effective knowledge with regards to energy saving measures, pursuing educative 
approaches. 

In conclusion, the report represents a cross analysis of the Pilots Use Cases mainly aiming 
to bridge Deliverable 1.3 to the work packages that will follow in the inteGRIDy project. 
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1.  Introduction 

1.1 Scope and objectives of the deliverable 

In this report the survey of all inteGRIDy pilots, Isle of Wight, Terni, San Severino, Barcelona, 
St Jean, Nicosia, Lisboa, Xanthi, Ploiesti and Thessaloniki is carried out. 

The main target of this report is to give readers information about the area of each pilot, its 
architecture, goals and use cases regarding to each pilotôs pillars, with the final objective to 
present a cross analysis of the different Pilots Use Cases, aiming to provide support to the 
following Work Packages of the inteGRIDy project. 

1.2 Structure of the deliverable 

Actually, inteGRIDy project is based on ten Pilots, six of them (Isle of Wight, Terni, San 
Severino Marche, Barcelona, St-Jean, Nicosia) are classified as Large scale Pilots, while the 
others are classified as small scale Pilots; in the following a short introduction for each one of 
them is provided. 

 

Figure 1. inteGRIDy pilots. 

The Isle of Wight Pilot is located off the south coast of Great Britain. It has the opportunity 
to grow high tech businesses and has identified the potential for the Island to be a base for 
research and development in renewable energy technologies. This pilot is based on all the 
four inteGRIDy pillars: Demand Side Management, Energy Storage, Smart Grid and 
Electrical Vehicle Integration. 

The Terni Pilot is located in Central Italy, as rural microgrid, the largest opportunity is in 
providing higher electric service reliability and better power quality to the end customers. 
Microgrid can also provide additional benefits to the local utility. This pilot is based on all four 
inteGRIDy pillars: Demand Side Management, Energy Storage, Smart Grid and Electrical 
Vehicle Integration. 

The San Severino Pilot project is related to the distribution grid of San Severino Marche 
which is managed by the local distribution system operator A.S.S.E.M. SpA. The area is 
particularly suitable for a pilot to investigate the effective management of the Dispersed 
Generation and the maximisation of the gridôs hosting capacity. This pilot is based on 3 
pillars which include Demand Side Management, Energy Storage and Smart Grid. 

The Barcelona Pilot is the Spanish demonstration site placed in Barcelona. It is a sport 
centre, which is being currently refurbished under energy efficiency criteria as part of the 
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GrowSmarter project. This pilot is based on 3 pillars: Demand Side Management, Energy 
Storage and Smart Grid. 

The St Jean Pilot has to face with the issues related to the exploitation of the renewables 
sources already available on the grid, which require the adoption of Demand Response 
strategies to achieve a better balancing between production and consumption for the 
different patterns of demand depending on the seasonôs periods considered. This pilot is 
based on 3 pillars: Demand Side Management, Energy Storage and Smart Grid. 

The Nicosia Pilot in Cyprus will test two different pilot cases. The first one regards the 
microgrid within the campus of University of Cyprus (in Nicosia city), while the second one 
regards dispersed prosumers within the Cyprus island. This pilot is based on the 3 pillars 
concerning Demand Side Management, Energy Storage and Smart Grid. 

The Lisboa Pilot is at Campo Grande 25, a 5-block building, where most administrative part 
of the Municipality work is performed. Around 2,000 people work there every day and many 
others are visiting the building. A fleet of around 60 electric vehicles is charged in this 
building in 2 charging stations. This pilot is based on 3 different pillars of Demand Side 
Management, Energy Storage and Electrical Vehicle Integration. 

The Xanthi Pilot deals with the case of isolated small scale smart grid networks with local 
energy storage options where RES is the main source of power. This pilot is based on 4 
pillars, Demand Side Management, Energy Storage, Smart Grid and Electrical Vehicle 
Integration. 

The Ploiesti Pilot is based on Building Type Intelligent Energy Demand and Supply 
Matching feat innovative simulation and command-control for energy grids. It consists of 
three buildings with residential apartments in Ploiesti, the Prahova County seat, in Romania. 
This pilot is focused on the Demand Side Management pillar. 

The Thessaloniki Pilot will mainly focus on the demonstration and assessment of different 
Demand Response techniques and the sustainability of related business models offered from 
a Utility/ESCO company to residential consumers (not prosumers) and commercial 
customers. This pilot is based on 2 pillars: Demand Side Management and Smart Grid. 

Notably, this report is structured in 12 chapters with Chapter 1 providing some information 
regarding the objective of this deliverable and its structure; moreover, a brief introduction of 
each pilot and the main discussed pillars in each of them is reported. From Chapter 2 to 
Chapter 11 inteGRIDy Pilots are described, while Chapter 12 provides a first Pilots cross 
evaluation, elaborating their similarities, weaknesses and strengths. General conclusion is 
eventually provided. 

1.3 Relation to Other Tasks and Deliverables 

Use Cases are described referring to the four pillars the inteGRIDy project is based on: 
Demand Response, Smartening the Distribution Grid, Energy Storage, Smart Integration of 
grid users from Transport. Actually, this is the first description of the inteGRIDy Use Cases, 
consequently the aim of this report is to drive the partnership to adopt a common view and a 
common approach. Next Tasks, in particular Task 1.5, will provide a deeper Use Cases 
investigation. This work will be also continued on WP4, where inteGRIDyôs Cross Modular 
Platform is defined. 

Moreover, a preliminary description of the Regulatory Framework, of the technology bounds 
and of the business models is reported in order to provide a proper contextualization of the 
Pilots. Eventually, Pilotsô replicability is discussed. On the former case, this contribution will 
be further continued through WP2 deliverables. On the latter case, WP3 will subsequently 
work on business models. 
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2. Survey on the Isle of Wight Pilot 

2.1 Pilot Area Description 

A. Area and Geographical Overview 

The Isle of Wight is located off the south coast of Great Britain. It has a population of 139,000 
and 70,000 residential properties. 64% of these properties are in urban areas (towns) and 
36% are in rural areas (villages, hamlets and isolated properties). 

 

 

Figure 2. Isle of Wight geographical location 

The Isle of Wight, like other seaside areas, is a popular retirement destination. There is a net 
outflow of 15 to 29 year olds as young people leave for higher education and career 
opportunities, and a net inflow at age 50 to 79 as older people retire to the Island.  

The Island is home to some 4,500 businesses. Most of these are small, but there are also 
some large, world class organisations in the aerospace, clean tech, marine and advanced 
manufacturing sectors such as BAE Systems, GKN, MHI Vestas and Gurit. Tourism is an 
important economic sector and the Island is a global centre for yachting. Employment on the 
Island in 2013 was 50,900 jobs, approximately 40% of which are part-time roles The Island 
currently has lower productivity, lower skill levels and less high value employment compared 
to the rest of England.  

The Islandôs electrical demand typically varies between a minimum of approximately 40 MW 
and a maximum of approximately 140 MW, which normally results in the Isle of Wight 
importing electrical power from the mainland. The power supply comes from a primary 
substation at Fawley, via an intermediate substation at Langley, by three 132 kV circuits. 
Each of the three 132 kV circuits comprises a submarine cable section beneath the Solent, 
with an underground cable section on the Isle of Wight and an overhead line section on the 
mainland. Each of the three circuits is rated at 124 MVA (winter) / 99 MVA (summer). All 
three circuits are normally in service, and the 132 kV system normally operates with all 
elements interconnected. 

Primary power distribution on the Isle of Wight is effected at 33 kV, via ten primary 
substations and an associated distribution network comprising predominantly overhead lines 
in rural areas and on the outskirts of built-up areas, with a small extent of underground 
cabling to terminal connections located within built-up areas. Additionally, there are three 
further substations under Network Rail ownership, supplying the Islandôs electrical traction 
railway system from the 33kV network. The Islandôs 33 kV network is supplied from Wootton 
Common 132 kV / 33 kV substation and from East Cowes 132 kV / 33 kV substation, with an 
additional contribution from numerous distributed generation projects, including the Arreton 
combined heat and power plant (22 MW), 13 solar farms (0.6-9.2 MW), an AD plant (1.1 
MW), gasification waste-to-energy plant (2.3 MW) and landfill gas scheme (2 MW). There is 
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also a large (140 MW) oil-fired power station at East Cowes, which operates as a Short-Term 
Operating Response (STOR) facility for mainland demand. 

 

Figure 3. Isle of Wight electrical distribution system map 

With the exception of Wootton Common substation and the three Network Rail Substations, 
33 kV / 11 kV transformers and 11 kV distribution switchboards are located at all of the 
remaining 33 kV substation sites, serving the local 11 kV distribution systems via overhead 
lines and underground cables. 

B. Needs and Opportunities 

There has been a high penetration of distributed generation on the Island with, on occasions, 
reverse power flows which trigger thermal constraints on sections of the interconnectors 
between the Island and the mainland. Over an annual cycle, generation (both planned and 
implemented) is approximately 35% of total demand, suggesting that load shifting will be a 
powerful tool to overcome the constraints on generation and allow the Island to move closer 
to its stated aim of self-sufficiency in electricity from renewable sources. 

Table 1. Opportunities and needs of Isle of Wight pilot 

Opportunities Needs 

RES (PV, biomass, 
waste, tidal) availability 
in the area 

A full exploitation of renewables in the area requires an optimal 
management of the distribution grid to maximise the Hosting 
Capacity i.e. the capacity to host new generation without 
curtailment, whilst maintaining system reliability, security and 
quality of service. 

Final user participation 
to the ancillary market 

Technological and regulatory developments to allow the full 
participation of small and medium scale users in the ancillary 
market so that they can benefit financially from the opportunities. 
This contributes to the development of community energy 
solutions. 

Properly exploit energy 
storage options 

Appropriate energy storage solutions ï both in terms of size and 
technology ï to be identified as part of a smart grid architecture. 
Storage solutions to contribute to load balancing, with new 
commercial models developed to simplify the connection of stand-
alone and behind-the-meter storage systems. 
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Enable further market 
penetration of EVs 

EVs to benefit from lower energy tariffs through price-responsive 
charging and to help maintain a secure and stable grid through 
DSR (Demand Side Response) signalling. 

2.2 Context of the Architecture Proposed 

The Isle of Wight pilot has developed four different architecture descriptions representing the 
aspects that the project will address. 

A. Demand Response 

In the Isle of Wight pilot, the demand response aspect is addressed through the deployment 
of an ñAdvanced Building Responseò system, a multi-layered suite of applications which 
allow energy reduction, peak management and flexibility management within industrial and 
commercial buildings. 

 

Figure 4. Isle of Wight. Demand Response architecture 

Table 2. Isle of Wight. Demand Response architecture description 

IEEE 42010 
components 

definition 
Description 

System The system provides Advanced Building Response through BMS 
control and sensors linked to cloud software for control and event 
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management. 

Environment The environment will initially be a small number of large 
commercial buildings on the Isle of Wight. 

Stakeholder Building owners and grid operators are the primary stakeholders at 
this stage. 

Purpose The main purpose of this activity is to provide a positive business 
case for DSR. 

System Concern The system provides transparency on revenue and cost reduction 
strategies for GHG, consumption (kWh) and cost (£). 

Architecture Innovative suite of applications, control sensors, monitoring 
equipment hardware and software. 

Architecture 
Description 

Innovative mixture of hardware, software and sensor-based 
technologies designed to integrate into existing BMS. 

B. Smartening the Distribution Grid 

Smartening the grid requires an Island-wide solution which identifies and overcomes thermal, 
voltage and frequency constraints to new low carbon generation. It proposes and defines 
new infrastructure and smart service solutions, including load shifting, which will allow the 
local distribution network to accommodate a larger capacity of renewable generation through 
a combination of storage solutions and DSR. 

Table 3. Isle of Wight. Smartening the Distribution Grid architecture description 

IEEE 42010 
components 

definition 
Description 

System  The system is a model, based on current network data and forecasting, 
which analyses the effects on network constraints and security of smart 
grid components and services. 

Environment This is a simulation environment for multi-purpose scenarios. 

Stakeholder The local public authority (Isle of Wight Council), Network Operator, 
generators and those providing storage infrastructure and DSR 
services. 

Purpose The main purpose of this activity is to model and therefore help to 
implement a range of load shifting components so that the area can 
maximise the local use of generation and traditional reinforcement 
costs are minimised. 

System concern Appropriate representation of network constraints and capacities, 
forecasting of future load. 

Architecture Power system simulation environment. 

Architecture 
description 

A flexible power system model which considers flow, capacities and 
constraints. It uses current and predicted network data and contributes 
to a Constraints Tool which predicts the curtailment of future 
generation capacity due to network constraints. 
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Figure 5. Isle of Wight. Smartening the Distribution Grid system architecture 

 

C. Energy Storage Technologies 

Energy storage will be achieved through a domestic heating system which charges a hot 
water storage tank through solar collectors or at times when grid electricity is cheap and has 
the capability to reduce load on the network during peak consumption. 

 

Table 4. Isle of Wight. Energy Storage Technologies architecture description 

IEEE 42010 
components 

definition 
Description 

System  The system is a heat pump and thermal store with DSR capability. 

Environment The system will be installed in residential properties in the social 
housing sector. 

Stakeholder Stakeholders are the property owners, residents (owner-occupiers 
or tenants), the energy supplier and the network operator. 

Purpose The purpose of the demonstration is to manage the use of the heat 
pump and thermal store to reduce the cost of grid electricity.  

System Concern Combining a network of residential properties through a central hub 
to demonstrate the potential for aggregated DSR and flexibility 
services. 

Architecture Heat pump, thermal store and grid interface, with possible 
integration of PV in some cases. 

Architecture 
description 

Solar thermal energy provision via a large thermal store, controlled 
by a heat pump and grid command. 
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Figure 6. Isle of Wight. Energy Storage Technologies system architecture 

 

D. Smart Integration of Grid Users from Transport 

The Isle of Wight pilot will demonstrate an EV charging system which also has the capability 
to provide energy storage and power control operation to perform DSR, peak shaving and 
UPS functionality. 
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Figure 7. Isle of Wight. Smart Integration of Grid Users from Transport system 
architecture 

Table 5. Isle of Wight. Smart Integration of Grid Users from Transport architecture 
description 

IEEE 42010 
components 

definition 
Description 

System This system (Virtue EV) is an innovatively new energy platform that 
provides EV charging functionality with Energy storage and power 
control operation. The EV charger comes with two modes that include 
fast and rapid charging. 

Environment The main environmental factor that has impact on the system includes 
central distribution points and final end-users. 

Stakeholder The primary stakeholders of the system are Market operators (British 
Telecom). Policy Bodies and Governance (Isle of Wight council) also are 
interested in this pilotôs aspect. 

Purpose The main purpose of this action is to provide charging point for EV 
vehicles (including rapid charging). The system targets also the 
integration of renewable energy generation in the form of solar system. 
This would be able to forecast and control renewable energy. The 
complete system would then provide microgrid functionality (perform 
DSR, peak shaving and provide UPS functionality) to the end-user. 

System concern EV charging point: a standalone system will be implemented to provide 
rapid and fast EV charging point. 

Power Control System: the ability of using smart control systems 
(SCADA) to provide Power Control, including solar energy generation 
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and energy storage, will be observed. 

Architecture Storage, Inverter, DC/DC solar charger and EV charger in order to 
provide smart integration of grid user from transport. 

Architecture 
description 

Storage: NMC battery rack with in-built active balancing rack and 
module BMS to provide storage. This also aid in energy control and 
system management. 

Inverter: Grid tied bidirectional battery inverter which would facilitate the 
charging and discharging of Batteries. 

DC/DC solar charger: MPPT DC/DC solar charger to integrate 
renewable energy generation (solar energy generation system). 

EV Charger: A dual headed 50 kW Chademo protocol DC charger and a 
22kW AC 3 phase charger for EV cars. This would provide fast and rapid 
changing modes. 

2.3 Goal of the Pilot & Use Cases Proposed 

A. Goals 

The Isle of Wight has an objective to be self-sufficient in electricity produced from local 
renewable energy sources. This will require an installed RES capacity of approximately 170 
MW, supplying over 540 GWh per year. To date, approximately 80 MW has been installed, 
but the Island is now subject to a grid constraint caused by the large amount of Distributed 
Generation. 

To combat this, the Distribution Network Operator (DNO), Scottish & Southern Electricity 
Networks (SSEN), has installed an Active Network Management (ANM) system and plans 
reinforcements to the 132 kV network in 2017. However, the solutions add cost and 
complexity, with impacts on the economy and environmental targets. Further reinforcement 
through an additional interconnector is costly and potentially unachievable. 

The Isle of Wight pilot will investigate and demonstrate alternative solutions through a 
combination of modelling, technology demonstration and the development of business 
propositions to deliver an optimum smart gird architecture. It will have a focus on maximising 
community benefit through both investment opportunities and new models for community-led 
DSR delivery.  

The Isle of Wight Council (IWC) will coordinate local actions and stakeholders for the 
duration of the pilot and will work with the DNO on the provision of data, legal and 
commercial issues for smart grid integration and the development a solution which provides 
optimum value. The University of Newcastle Upon Tyne (UNEW) will produce the Power 
Systems Model including current energy flows, constraints on generation and load, modelling 
future scenarios for RES generation and electrification of heating and transport, identifying 
future bottlenecks and capacity requirements. They will also produce a Constraints Tool for 
generation project developers. Minus 7 Ltd (M7) will demonstrate grid optimisation with 
balancing elements of its zero-carbon home heating system through a field trial in 12 
properties to test the technical and commercial application of the system. EMS (UK) Ltd 
(EMS) will work with BT Fleet to trial 15 units of its Electric Vehicle Charger and storage 
system. Siemens (SIE) will install its Advanced Building Response system in at least one 
large public building to demonstrate its functionality and potential cost savings. AT Kearney 
(ATK) will undertake business modelling for an aggregation/grid balancing service focused 
on community ownership issues, commercial opportunities and regulatory barriers. 
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B. Use Cases 

¶ Demand Response 

Demand Side Response (DSR) will be demonstrated through an Advanced Building 
Response system, a collection of software applications which optimise BMS and facilitate 
peak and flexibility management. 

Table 6. Isle of Wight. Use Case IOW_UC01 

¶ Smartening the Distribution Grid 

Smartening the Distribution Grid is an area-wide approach which aims to design an optimal 
smart grid architecture for the Island at full DG capacity and compare the costs and effects of 
this, including return on investment, with traditional reinforcement through a new 
interconnector. The proposed smart grid architecture will include energy storage systems 
(ESS) and demand side response (DSR). ESS and DSR will be used for minimising the net 
import/export of the Island through the interconnector and also take into consideration of 
power flow and voltage constraints. The use of ESS, DSR and other smart grid technologies 
and techniques can also increase the rating of DG connected to the distribution network and 
avoid or delay network reinforcement. A full simulation model of the Islandôs power system 
will be developed, allowing the evaluation of various demand and generation scenarios and 
designing a ñvirtualò power plant based on the overall energy balance at the network. 

 

 

USE CASE: Demand Response 

ID IOW_UC01 

Name Building optimisation to maximise efficiency and demand flexibility, 
minimise costs and reduce environmental impact across the enterprise. 

Storyline Building will have a positive business case based on cost for energy 
reduction, peak management and revenue generation via flex 
management. 

Goal(s) Innovative suite of applications helps monitor building system 
performance, energy demand and energy supply more effectively and 
efficiently. It provides transparency on revenue and cost reduction 
strategies for GHG, kWh and Ãôs. 

Actors Building owner, grid operator, energy bureau, Distribution Network 
Operator, building end users. 

Preconditions Building BMS control access and associated asset reprogramming 
granted. 

Various event lead interruption or load control requests are initiated and 
live data receivable. 

Postconditions Ongoing maintenance and improvement is based on lower cost to serve, 
lower overall consumption, load curve flattening and flexibility for revenue 
generation contract agreed with various actors. 

Trigger events N2EX, OTC, Building owner, grid operator, energy bureau, Distribution 
Network Operator. 
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Table 7. Isle of Wight. Use Case IOW_UC02 

 

¶ Energy Storage Technologies 

Heat storage options at residential level will be explored through the retrofitting of an 
electrically-powered thermal store to produce zero carbon dwellings. The development and 
optimisation of Control Hubs will allow the monitoring, control and aggregation of properties 
to provide grid balancing services. 

Table 8. Isle of Wight. Use Case IOW_UC03 

USE CASE: Smartening the Distribution Grid 

ID IOW_UC02 

Name Smartening the distribution grid. 

Storyline Design a smart grid architecture for the Isle of Wight distribution network 
to minimise energy import/export with respect to network power flow and 
voltage constraints. 

Goal(s) Minimise energy import and export to realise self-sufficient supply of 
electricity on Isle of Wight. 

Actors DNO, ESS owner/operator, DSR enabled customers. 

Preconditions Modelling of the electrical network, DG and demand. 

Identify areas in the network where constraints are likely to be violated. 

Identify potential DG connection capacity. 

Postconditions Self-sufficient in electricity supply. 

Trigger events N/A 

USE CASE: Energy Storage Technologies 

ID IOW_UC03 

Name Minus 7 Energy Storage System. 

Storyline Install a set of proven low carbon technologies which, when deployed at 
scale, provide demand modulated heat and power to residential 
properties. 

Goal(s) Integration of multiple heat pumps, thermal stores, optional PV generation 
and possible electrical storage into an energy system with a single óentry 
pointô to the distribution network. 

Actors Residents, property owners (including Housing Associations), DNO. 

Preconditions Retrofitting of system at 12 sites. 

Resident involvement in DSR events. 

Development of Control Hub functionality. 

Selection of energy optimiser. 
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¶ Smart Integration of Grid Users from Transport 

The smart integration of transport will be evaluated through the energy management 
methods of the EV charging solution which stores energy in batteries to provide rapid 
charging on demand. The system also offers grid balancing solutions through the ability to 
provide flexibility in DSR and, in the case of the EV charging unit, returning power to the grid 
at peak network demand. 

Table 9. Isle of Wight. Use Case IOW_UC04 

Postconditions Virtual power plant topology capable of peak shaving and network 
balancing. 

Reduced utility bills for residents. 

Trigger events Resident heat demand, thermal store temperature, network signals. 

USE CASE: Smart Integration of Grid Users from Transport 

ID IOW_UC04 

Name Transport Smart Integration of Virtue EV charging systems. 

Storyline With an increasing need to integrate EV in order to promote zero carbon 
emission, British Telecom (BT) required rapid charging systems without 
increasing any network capacity. BT consulted EMS in order to deploy 
their Virtue EV technology to mitigate this demand and promote zero 
carbon energy usage. 

Goal(s) Evaluate the energy management methods to the EV charging solution 
which stores energy in batteries to provide rapid charging on demand 
without increasing network capacity of the end-user. 

Actors Market Operators, System Operators, Policy. 

Bodies and Governance. 

Preconditions The entire system must go through the necessary processes (e.g. 
electrical standards approval) for obtaining standards for public and 
commercial implementation in the global market (e.g. the European 
market). 

15 Virtue EV systems based at BT Exchanges serving entire BT fleet and 
available for public use by EMS (UK) Ltd. 

Integration of renewable energy generation in the form of solar system to 
be combined with the storage system in order to provide microgrid 
functionality.  

Postconditions Displaying the system capability to provide on demand EV rapid charging 
by utilising stored energy on battery to reduce the amount of energy pulled 
from the grid during the event.  

Offer grid balancing solutions through the ability to provide flexibility in 
DSR, UPS and peak shaving functionality.  

Trigger events Once system is fully designed and installed, continuous smooth running 
will be provided. 
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2.4 Regulatory Framework 

The role of DSR is changing, as a concept it has been established previously as a 
(reasonably) predictable means of delivering balancing services and avoiding network 
constraints either on a time or location basis. In other words, if peak loadings are predicted 
due to established load profiles or due to localised constraints then in line with pre-agreed 
contractual arrangements, DSR services can be called upon to ameliorate these events. This 
has worked well until now, but this is still living in the old paradigm of centralised generation, 
single direction flow and without much consideration of the changes brought about by the 
inexorable shift towards Smart Grids. 

Distributed Generation (Embedded Generation) is already bringing major changes to the 
electricity flows at the distribution level and this ripples up into the transmission system as 
unpredictable changes to demand requirement. In future, predicted growth in electrification of 
heating and mobility may additionally bring further changes to flows and demand. These 
changes will not be easily predictable, particularly at the distribution level, and may not 
provide the luxury of hours or even minutes of warning to permit current óDispatch Noticeô 
practice to be applied. In terms of renewable embedded generation, and assuming this to 
mean either wind power or solar PV generation, then there seem to be two distinctly different 
profiles, wind power fluctuating with lower rates of change in output over a 24-hour day ï and 
meteorological data being developed that is capable of reasonably predicting these changes 
in output ï compared to Solar PV with a defined curve between dawn and dusk, but suffering 
from rapid changes in output due to cloud cover. DSR measures can potentially be used to 
counter both of these profiles, but different approaches are needed, in fact wind generation 
could probably be managed using the óDSR service requirementô of DNO (pre-fault dynamic) 
with dispatch notice times of between ½ and 4 hours and a 2 to 4-hour duration. However, 
the need to meet the challenge of increasing PV generation should drive a review of the 
whole DSR service requirement model and hence possibly during this process a better 
service could be developed for both wind and PV embedded generation matching. 

Also, current DSR models tend to consider load reduction and/or standby generator 
operation to meet contractual requirements, while not implicitly stated it seems to be 
generally accepted that standby generation will be delivered from diesel generators or 
similar. In future, the ability to both sink and source power through load and generation 
management will increase and in these terms an electrical energy storage system could play 
a valuable part in meeting the more dynamic fluctuations that may occur on the distribution 
network. The alignment and asset sharing paths appear to be a good reflection of how DSR 
can be managed between two parties ï Network Operator and System Operator - and are a 
good start point for the development of DSR to meet more flexible requirements. As to how 
an ESCO or perhaps residential aggregator might respond to this is less certain; they might 
have their own requirements for the DSR resource, but provided these can be met without 
affecting the contracted service requirement of the pathway model ï and are not specifically 
excluded by the shared service framework ï then this may not be an issue. 

OFGEM is the UK regulator for gas and electricity markets. The regulation of DSR is enabled 
through Licence Condition C16(1) which includes the following requirements: 

¶ C16 1(g) Ensuring the procurement of balancing services is transparent 

¶ C16 1(h) Ensuring that the technical requirements of balancing services do not restrict 
new and existing balancing service providers from competing in those services 

¶ C16 1(i) Anticipating future national electricity transmission system requirements by 
using and developing competitive approaches to procuring balancing services wherever 
this is in the best interests of current and future consumers 

¶ C16 1(e) Publishing information which the licensee holds to enable electricity market 
participants to make efficient operational and investment decisions 
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¶ C16 1(i) Anticipating future national electricity transmission system requirements by 
using and developing competitive approaches to procuring balancing services wherever 
this is in the best interests of current and future consumers 

In July 2017, OFGEM published a Working Paper on the Future Regulatory Framework for 
System Operators which requires the SO to carry out a detailed analysis of whole system 
needs to derive an optimal performance strategy for balancing and ancillary services. This 
will be implemented from April 2018. 

Also in July 2017, National Grid published its ñFuture of Balancing Servicesò consultation 
which seeks to simplify the market for balancing services and ensure a level playing field for 
providers. Further information is available at [NGR17].  

In the UK, energy storage is not currently recognised as either an activity or an asset class. 
The absence of a regulatory definition of energy storage has led to its classification as a 
generation asset. Generation assets have a very broad definition in the Electricity Act 1989 
as ñthe generation of electricity at a relevant placeò, and EU Directive 2009/72/EC similarly 
refers to generation as ñassets that produce electricityò. The Electricity Order 2001 expands 
on these definitions by stating that the technology ñgenerates or is capable of generating 
electricityò. Energy storage technologies can generate electricity so are undoubtedly 
described in the most literal sense by these broad definitions. However, energy storage 
cannot generate a net positive flow of electricity to the system, and classification as 
generation does not recognise the potential contribution of storage to moving electricity from 
periods of low demand to meet peak demands. A new definition that differentiated storage 
from generation would facilitate the removal of barriers to the deployment of storage by 
treating it as an integral part of the electricity system. Actually, the way in which storage is 
treated under the Climate Change Levy (CCL) framework remains unclear. The CCL is an 
energy tax aimed at energy consumed by commercial and industrial users. Renewable 
technologies and electricity derived from renewable generation qualify for an exemption from 
this levy via Levy Exempt Certificates (LECs). This statutory instrument requires the 
renewable-derived electricity to be calculated at the point where electricity is delivered from 
generation to a UK distribution or transmission system. However, if export of electricity from 
a storage device relies on the import of electricity (from a LEC-owning generator) and then 
the export of this electricity, the issuing of a new LEC at the point of export (since storage is 
considered a generator) implies a double LEC. Therefore, it could be argued that storage 
should not be eligible for LECs, which currently represents a considerable barrier to the 
optimal deployment of storage resources. 

Similarly, the UKôs Climate Change Act and commitment to Carbon Budgets has set a strong 
environmental framework that requires an ambitious shift in transport technology towards 
ultra-low carbon alternatives. As set out in the UK Automotive Councilôs technology roadmap, 
the UK Government recognises that in the future there will be a portfolio of low emission 
technologies for different transport applications ï including plug-in vehicles, hydrogen fuel 
cells, sustainable biofuels and ultra-efficient internal combustion engines. The UK 
Government is taking an integrated and pragmatic approach to lay robust foundations now 
that will support continuing market growth in the years ahead through grants to reduce the 
upfront cost of eligible vehicles, a favourable tax regime, capital grants for recharging 
infrastructure and support for low and ultra-low carbon vehicle research, development and 
demonstration. 

2.5 Technology Bounds 

The Isle of Wight Pilot will install low carbon technologies, provided by Minus 7, EMS (UK) 
and Siemens. 

In multiple properties, the heat pumps, thermal stores, optional PV generation and possible 
electrical storage will be integrated into a single energy system with a single 'entry point' to 
the national grid. The solution (provided by Minus 7) will be deployed over 12 sites, which is 
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sufficient scale to test the DSM potential. The key innovation is to integrate a network of PV, 
solar thermal, heat pump, immersion heaters, thermal storage, and electrical storage into a 
single entity (illustrated above) that minimises grid impact, while providing a seamless energy 
service to residents. To deliver this innovation requires the remote control and management 
of individual and networked heat pumps to allow an interface with an energy optimiser. The 
DSM hub will manage the PV systems to maximise on site use and minimise the demand on 
the grid from the network of thermal stores/heat pumps.  

The Minus 7 solution has a single control system that manages heat delivery to the building 
and the operation of heat pump in relation to heat contribution from the roof. The control 
system is entirely proprietary and bounded within the Minus 7 system. The remote operation 
of the heat pump will therefore be proprietary. However, there is no reason why the approach 
could not be applied to all heat pump based technologies. Minus 7 have been working with 
third party utilities to enable them to control the heat pumps; in these instances, Minus 7 can 
provide an optional interface to their system with open protocols. Similarly, Minus 7 are 
looking to integrate their heat pump with third party batteries and inverters. 

The second technology, Virtue EV, is the integration of EMSôs energy storage and power 
control system with rapid and fast EV chargers, within an entirely new energy platform. The 
hardware of the system includes a 10 kW MPPT DC/DC solar charger, a 50 kW high 
efficiency bidirectional battery inverter (PCS), an 80 kWh NMC battery rack with inbuilt active 
balancing and BMS, a 50 kW modular rapid charging unit and an 11 kW fast charger. The 
hardware has been tested independently both in operation within the Virtue product 
(batteries and bidirectional inverter), and separate test beds within the EMS facility. The 
hardware has also been tested together under basic operations, such as utilising the storage 
(via the PCS) to inject fixed portions of battery power in parallel with the mains, in order to 
offset the chargers reliance on the grid (e.g. 50% grid energy and 50% battery energy to 
provide a total of 50 kW to the EV). The Energy Management System is vital to providing 
reliable revenues, charging times as well as efficient solar/renewable use. Such a universal 
software solution does not exist in this sector, and currently the challenge is to reliably 
charge vehicles on a daily basis as well as providing dynamic grid services. There are 
chargers that integrate renewables currently being developed by companies that already 
exist on the market, but a fully integrated solution with storage and DSR capabilities does 
not.  

Finally, Siemensô Advanced Building Response system utilises a multilayered hardware, 
software and communications approach to optimise the energy of commercial and industrial 
buildings via monetary, energy consumption and greenhouse gas metrics. The pilot on the 
Isle of Wight will utilise cloud-based energy and sustainability platforms designed to optimise 
the performance of building(s). It seamlessly integrates complex sources of data from energy 
procurement, energy consumption, system performance, and sustainability. With this system, 
Siemens offers numerous possibilities for connecting machines, plants and building 
equipment fleets digitally, regardless of the manufacturer. This will be a Plug&Play solution 
that enables the building user to read out data from building assets and pre-process it for 
transfer to the Siemens óAdvanced Building Responseô simply and reliably. The encrypted 
data is then transferred securely to the cloud, where it is then available for real time 
automation and analysis. 

2.6 Business Model 

The detailed investigations of the Isle of Wight power network are expected to support the 
evaluation of investment options for smart grid hardware by both the DNO and third parties. It 
is expected that this will include investment in battery storage and hydrogen production, 
either standalone or integrated with generation projects, as well as new commercial 
arrangements for DSR and aggregation. A particular focus will be community investment to 
ensure that the local population benefits from improvements in the power system. 
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The M7 system offers considerable savings on energy bills for either owner-occupiers or 
social landlords where they are responsible for the costs of heating the property. Reducing 
fuel bills has the additional advantage of alleviating fuel poverty which is a strong driver for 
Government and the social housing sector. The potential addition of the batteries and DSM 
software would allow participation in the flexibility market providing an additional income 
stream for residents. 

The Virtue EV system will provide several economic benefits to end-users, the DNO and the 
implementer (owner of the unit). This is due to several basic benefits: 

¶ Grid balancing services, which benefit the end-user, DNO and the owner - utilising 
energy storage to perform network balancing allows for several economic benefits to 
both suppliers of energy and consumers, especially businesses. By contributing to 
frequency and demand balancing utilising assets such as battery storage, will allow the 
DNO and national grid to reduce their dependency on expensive back-up generation 
such as peaking plants and diesel generators. 

¶ Reduced installation and implementation cost - Virtue EV provides rapid EV charging in 
areas that have limited or restricted network (local) capacity. By incorporating localised 
storage, dependency on the network decreases, which eases the demand strain and 
consequently reduces the need for network upgrades. 

¶ The proposed solution can allow for free charging, due to the revenues generated 
through demand response services - the balancing services provided by storage will also 
benefit the owner of the asset, as they will be able to generate revenue through demand 
services. In the case with typical energy storage systems the ROI (Return on 
Investment) is between 3 ï 6 years, which is considered a very good investment for a 
stakeholder. With regards to operating demand services with an integrated charger, the 
ROI will decrease due to the need for the system to perform functions outside of the 
standard windows of demand response; however, the return on investment will still be in 
the region 5 ï 8 years. This will allow stakeholders to install charging stations without 
needing to charge clients for charging their vehicles or at least reduce the cost of 
utilising the chargers, which will benefit EV users. 

¶ Renewable integration and associated CO2 savings ï through the wider use of 
renewable energy sources for EV charging and reduced dependency of fossil fuels for 
transport.  

The Siemens system will have a positive business case based on reduced energy costs, 
peak management and revenue generation through flexibility management. By generating a 
reliable day ahead and intraday forecast of building demand and supply, the building owner 
is able to access new revenue streams which were previously unavailable in the N2EX (Nord 
Pool Spot Market) markets. Additionally, balancing day ahead with real time SPOT prices 
could enable the building owner to further reduce their electricity bills.  

2.7 Replicability/Impact of the Pilot 

The process for developing of a smart grid architecture for the Isle of Wight, based on local 
data and complex modelling, can be replicated throughout the project area. This will enhance 
the transition to smart power systems through providing the business case for investment 
based on the identified opportunity and the operability of the inteGRIDy platform. 
Furthermore, the Constraints Tool being developed in the Pilot will provide a template for 
third party calculation of potential curtailment in constrained areas. 

The Isle of Wight Pilot will pay particular attention to the technologies that are being 
demonstrated locally to form an understanding of their impact on the power system if the 
number of installations were expanded considerably. 

Although the finished EMS system will be unique to the market, hardware within the system 
can be replicated. There are numerous vendors of battery systems, power conversion 
systems, rapid chargers and DC/DC converters in the marketplace. The Energy 
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Management System will be the unique part of the system, entirely owned by Powerstar 
(which aims to apply for a patent on the EMS as a milestone in the project). This Energy 
Management System, therefore, cannot be copied, but companies may produce analogous 
solutions in the future. 

The domestic energy architecture proposed, if installed at scale, can play a significant role in 
reducing carbon emissions from the domestic sector. It also reduces fuel bills for occupiers 
and this can be further enhanced by the income-earning potential of a DSR-enabled system. 
Siemens aims to develop solutions which are replicable at scale both within the Isle of Wight, 
broader UK, Europe and beyond. Besides the ambitious goal to reduce greenhouse gases, 
lower cost to serve and generate revenue for building owners, a key challenge is to develop 
the urban system in a resilient and also socio-economic-sustainable way: to find replicable 
solutions, minimise first mover risks, create innovative business models, speed up the 
market roll out of technologies and to create jobs. Each innovation deployed will follow an 
individual way to achieve these goals through the exploitation of both cutting edge 
technology but also new business models. Through strong performance measurements 
carried out in partnership with universities and ATK, the lessons learned will be analysed and 
a blueprint will be developed that can be used by other districts and the follower cities within 
the consortia. Siemens also aims to develop new modules for existing vendor agnostic BMS 
systems and retrofitting of older buildings to be able to support the new technologies therein. 

For those areas with Community Energy Managers or Community ESCOs, the modelling for 
community participation and investment in DSR aggregation services will provide useful 
guidance on investment requirements and risks for similar schemes in other areas, subject to 
regulatory compliance. 

2.8 Miscellaneous 

IWC, the Pilot Lead, is a public-sector organization and therefore has a focus on ensuring all 
residents, especially the more vulnerable, benefit from the smart grid transition. A more 
efficient and resilient power network has the ability to benefit all through greater security of 
supply and reduced use of system charges and also reduces constraints on local generation 
projects in which the community may invest. The Pilot may also identify new investment 
opportunities for storage, energy conversion and DSR from which the community may benefit 
and an organization already exists for this purpose. 

However, IWC is keen that the work continues to consider disadvantaged consumers to 
ensure that the benefits of smart grids are widely dispersed to willing participants as well as 
providing an appropriate level of service to those not able to navigate the new market. 
Vulnerable consumers should be protected from any negative impacts of DSR tariffs and 
offers and from the use of smart meter load control switches by DNOs. 
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3. Survey on the Terni Pilot 

3.1 Pilot Area Description 

ASM TERNI S.p.A. is an Italian multi-utility company, established in 1960 and fully owned by 
the Terni municipality, specialised in water, gas, electricity and environmental services. Terni 
is located in Central Italy (Umbria Region) and counts about 230,000 inhabitants. ASM owns 
and operates the local power distribution network, covering a surface of 211 km2 and 
delivering about 400 GWh to 65,100 customers annually. The ASM distribution network 
acquires electricity at High Voltage (HV) level through 3 primary substations and supplies 
electricity to residential and business customers through 60 Medium Voltage (MV) feeders 
(10 kV to 20 kV) and 700 secondary substations. The peak power is about 70 MW and the 
overall length of the power lines in the grid is about 2,350 kilometres, of which 587 km at MV 
level and 1762 km at low voltage (LV) level. 

Nowadays the ASM electric grid is characterised by a large number of distributed renewable 
energy sources embedded in MV and LV distribution networks: 1 biomass plant, 5 hydro 
power generators and 1,234 solar photovoltaic (PV) units are currently connected directly to 
the MV and LV distribution networks, reaching an overall installed capacity of about 70 MW. 
It is worth pointing out that, based on the energy mix, the yearly energy demand is about 380 
GWh and 196 GWh are produced by DER systems connected to the MV/LV grid of ASM, of 
which 26 GWh are from intermittent RES (photovoltaic power plants). The peak power of 
DER generation is 40 MW. 

Terni Pilot is going to be developed on the border between Terni and Rieti municipalities. 
The pilot site comprises the already existing farm ñIl Moggioò and the local energy 
infrastructures managed by ASM TERNI. A secondary substation is going to be deployed 
and the necessary HW and SW equipment will be set up in order to monitor and control the 
microgrid resources. The farm covers an area of 14 hectares, in which 9 buildings are 
devoted to agricultural and commercial activities (basically primary and tertiary sectors). 
Closed to the pilot site, there are some important tourist attractions with a high natural and 
cultural value. 

 

Figure 8. Terni Pilot geographical location 

ñIl Moggioò farm is at present a stand-alone grid already in operation and represents the pilot 
site. In accordance with CIGRE definition, Microgrids are electricity distribution systems 
containing loads and distributed energy resources (such as distributed generators, storage 
devices, or controllable loads), which can be operated in a controlled, coordinated way either 
while connected to the main power network or while islanded [CIG12]. This means that ñIl 
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Moggioò microgrid is definitely compliant with this definition, since it comprises a significant 
amount of distributed generation: a 30 kWp rated PV plant and two 31 kVA ï 25 kWt 
biomass CHP generators. In detail, apart from internal loads due to the agricultural and 
commercial activities, the generation and energy storage units are as follows: 

¶ The PV power plant is composed of 7 strings; each one has 14 modules (300 W). The 
PV plant can feed simultaneously both the microgrid load and an electric storage 
through a static inverter made up of a DC/AC converter, a series-connected transformer 
and a DC/DC converter. 

¶ Electric storage consists of 50 lead batteries responsible for managing distributed 
generators without curtailments. 

¶ 2 brushless generators coupled to the network without a static converter, whose fuel is 
supplied by two gasifiers. They are able to supply fuel for both electrical and thermal 
uses and require only dry organic materials (as wood chips, walnut shells, agricultural 
waste) to provide their products and services. 

The connection of the ñIl Moggioò stand-alone grid to the LV distribution network is under 
deployment. A secondary substation fed by an existing overhead MV line will be built by 
ASM. The microgrid will be connected to the DSO monitoring tool, which is basically 
composed by a SCADA system and a network calculation platform and will be described in 
detail in the deliverable D1.5, through a communication channel under deployment. 

B. Needs and Opportunities 

The pilot exploits a rural microgrid and represents a good opportunity in providing higher 
electric service reliability and better power quality to the end customers. Microgrid can also 
furnish the local utility with additional benefits by providing dispatchable power to be used in 
peak load conditions; moreover, there is a benefit also for the DSO related to the possibility 
to alleviating or postponing distribution system upgrades. 

Table 10. Opportunities and needs of Terni Pilot 

Opportunities Needs 

RES (Biomass, PV) 
availability in the 
rural microgrid 

Hardware and Software equipment for monitoring and control of RES 
resources. Software platform able to dynamically estimate the 
flexibility of microgrid RES. Deployment of a MV/LV substation for the 
interconnection of the MG with the distribution network.  

Smartening the microgrid through the DSO monitoring tool to allow 
the monitoring and control of microgrid resources by mean of 
Flexibility Optimized Management Cockpit (FOMC). 

Rural microgrid The rural microgrid needs the deployment of an Energy management 
system able to dynamically estimate the flexibility of microgrid 
components, sell flexibility to the DSO through a DR program and 
managing cooperation in compliance with the internal strategic goals 
of the microgrid, that are addressed implementing a multi-objective 
optimisation approach. 

EV charging station A preliminary estimation of the impact of charging stations needs a 
load forecasting and charging station simulation model DSO needs 
tools in order to coordinate stationsô consumptions, according to the 
estimated flexibility of the microgrid. 
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3.2 Context of the Architecture Proposed 

Four different architecture descriptions are proposed according to the number of project 
pillars that have to be addressed in this pilot. 

A. Demand Response 

The demand response aspect is focused on the definition of a cooperative business model 
between DSO and rural microgrid owner (local farmerôs cooperative), aiming at a technical-
economic optimum for both actors. The DSO monitoring tool on DSO side and the Flexibility 
Optimized Management Cockpit (FOMC) on microgrid side will allow the optimisation of the 
system. FOMC is a software platform able to dynamically estimate the flexibility of microgrid 
components, like storage or CHP, sell this flexibility to the DSO and managing this 
cooperation in compliance with the internal strategic goals of the microgrid. It is the result of 
the integration and extension of modules (EMS, DSO dashboard, DR Manager) already 
deployed in previous projects (INGRID [TER01], FINESCE [TER02], GEYSER [TER03]). 

Table 11. Terni. Demand Response architecture description 

IEEE 42010 
components 

definition 
Description 

System  In the demand response project pillar, the cooperative business model 
between DSO and microgrid owner is the system. 

Environment The environment is formed by the Microgrid generators and loads, as 
well as by the DSO substation. 

Stakeholder DSO and Microgrid owner are stakeholders for this pillar of the pilot. 

Purpose The purpose is to allow the DSO to exploit the microgrid resources, with 
the constraints of microgrid ownerôs business operation and energy 
requirements. 

System concern System concern is the technical-economic optimum of the stakeholders. 

Architecture Cooperative and flexible management of the microgrid in order to 
support the DSO distribution network and to optimise the microgrid 
resources (PV plant, storage system, CHP, passive load). 

Architecture 
description 

DSO monitoring tool allows measurement acquisition from the microgrid 
and the distribution network, as well as prediction of generation and 
load profiles. Automated DR programs access microgrid resources. 
FOMC optimises and manages the flexibility of the microgrid. 
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Figure 9. Terni. Demand Response system architecture 

B. Smartening the Distribution Grid 

The smartening of the distribution grid is centred in the portion of the grid (secondary 
substation and MV feeder) supplying the microgrid. This project pillar is focused on the 
improvement of the operation, in terms of service quality, by exploiting the resources (PV 
plant, storage system, CHP) smartly put at disposal in real time by the microgrid through the 
Flexibility Optimized Management Cockpit (FOMC) software platform. 

Table 12. Terni. Smartening the Distribution Grid architecture description 

IEEE 42010 
components 

definition 
Description 

System  In this project pillar, the system involved is the MV feeder and the 
DSO substation supplying the microgrid. 

Environment The environment is the distribution network surrounding the system, 
as well as the microgrid. 

Stakeholder DSO is interested in this pilotôs aspect. 

Purpose The main purpose of this activity is to improve the MV network 
operation by means of the flexibility of the resources of the microgrid. 

System concern System concern is the optimisation of the MV network operation. 

Architecture Flexible management of the microgrid generation resources to support 
the DSO distribution network 

Architecture 
description 

DSO monitoring tool allows measurements acquisition from the 
microgrid and the distribution network, as well as prediction of 
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generation and load profiles. Automated DR programs access 
microgrid resources. 

FOMC optimises and manages the flexibility of the microgrid. 

 

Figure 10. Terni. Smartening the Distribution Grid system architecture  

C. Energy Storage Technologies 

In this pilot, the Energy Storage pillar is focused on the optimisation of the microgrid 
distributed generation (PV and CHP) by means of a battery storage system. The optimisation 
aims both at maximising microgrid self-consumption during normal operation of the MV grid 
and at supporting the MV grid in case of surplus of power or local congestions.  

Table 13. Terni. Energy Storage Technologies architecture description 

IEEE 42010 
Components 

definition 
Description 

System  The distributed generators in the microgrid are mainly involved in this 
project pillar. 

Environment The environment is the distribution network surrounding the system, as 
well as the microgrid. 

Stakeholder DSO and microgrid owner are stakeholders for this aspect of the pilot. 

Purpose The main purposes are maximising microgrid self-consumption during 
normal operation and supporting the MV grid in case of surplus of 
power or local congestions. 

System concern System concern is the technical-economic optimum of the stakeholders. 

Architecture Management of the storage system of the microgrid in order to support 
the DSO distribution network and to optimise the operation of the 
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microgrid generators. 

Architecture 
description 

DSO monitoring tool allows measurements acquisition from the 
microgrid and the distribution network, as well as prediction of 
generation and load profiles. Automated DR programs access microgrid 
resources. FOMC asses the flexibility of the microgrid and optimises the 
system. 

 

Figure 11. Terni. Energy Storage Technologies system architecture  

D. Smart Integration of Grid Users from Transport 

This pillar is focused on the evaluation on how EV recharging points can contribute to the MV 
grid reliability and stability, in cooperation with the flexible microgrid resources SCADA, 
FOMC and load forecast. It will allow evaluating how the management of EV recharging 
points improves the MV grid operation, according to the estimated flexibility of the microgrid.  

Table 14. Terni. Smart Integration of Grid Users from Transport architecture 
description 

IEEE 42010 
components 

definition 
Description 

System  In this project pillar, the EV recharging points are involved. 

Environment The environment is the distribution network surrounding the system. 

Stakeholder DSO is interested in this pilotôs aspect. 

Purpose The main purpose is of this activity is improving the MV grid 
operation, according to the estimated flexibility of the microgrid. 

System concern Technical optimum of the MV grid operation. 

Architecture Optimising load profiles of EV recharging points in order to improve 
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the MV grid operation, in accordance to the microgrid flexibility. 

Architecture 
description 

DSO monitoring tool coordinates operation of EV recharging points, 
taking into account the flexibility of the surrounding microgrid 
estimated by FOMC, in order to optimise the MV grid operation. 

 

Figure 12. Terni. Smart Integration of Grid Users from Transport system architecture  

3.3 Goal of the Pilot & Use Cases Proposed 

A. Goals 

The flexibility of the microgrid will be exploited with the aim to find a trade-off between the 
DSO needs and the rural microgrid economic and technical constraints. By means of 
hardware equipment (e.g. sensing infrastructure) and software tools that the inteGRIDy 
technology providers will make available in the pilot site, it will be possible to demonstrate the 
application of a hybrid cooperative business model between the DSO and the microgridôs 
actors. Indeed, the DSO will be able to exploit the microgrid flexibility to improve stability and 
reliability of the distribution network without ignoring the needs of microgrid owner in terms of 
business operation and energy requirements (electric and thermal needs). 

Therefore, the overall goals of the Terni Pilot can be summarised as follows: 

¶ Enabling DSO to exploit the flexibility offered by microgrid components through 
automated DR Programs: this will be possible through the functionality offered by the 
FOMC software platform. The latter will support DSO in managing the microgrid 
resources in order to improve the grid power quality through the maximisation of DER 
cluster. 

¶ To prove environmental, economic and social sustainability of the hybrid business model. 
From an environmental point of view, it will be evaluated how a proper energy 
management can increase green energy consumption. From an economic point of view, 
an improvement of savings due to flexibilityôs supply is expected. At this level, a proper 
flexibility assessment will be established. 
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To accomplish these goals, some use cases have been identified as crucial for reaching the 
expected results. Data flow and electric equipment in the Pilot are represented in the figure 
below. 

 

Figure 13. Overall scheme of the Terni Pilot 

B. Use Cases 

Actually, the use cases investigated in the project could be classified as listed in the 
following. 

¶ Demand Response 

Proper Automated DR programs will be defined and deployed to allow DSO distribution 
network manager to access microgrid resources (especially storage and CHP) with the aim 
of maximising savings and economic benefits in normal operation by optimising flexibility 
management. Individual components of the microgrid will be connected to DSO monitoring 
tool, which measures relevant quantities (i.e. generated active and reactive power, load 
consumptions, battery state of charge) and stores them in a historical data storage. 

Every pre-fixed time interval, DSO monitoring tool will estimate power flow and voltage profile 
along the MV feeder connecting the microgrid by means of the network calculation platform, 
able to perform network state estimation. FOMC is then activated in order to assess the 
microgrid flexibility by means both of data provided by the SCADA and of a forecast analysis 
based on historical data. Subsequently, FOMC performs Optimal Power Flow calculations 
with the aim to minimise active losses along the MV feeder by exploiting the microgrid 
flexibility, i.e. by modifying the power exchange between microgrid and MV grid at the point 
of delivery by means of previously agreed automated DR Programs. OPF results are then 
provided as input to each microgrid component through a telecommunication network. 

Several advantages are expected: 
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¶ the resource management improves green energy consumptions calling properly the 
flexibility resources of the microgrid; 

¶ microgrid self-consumption is maximised, thus entailing economic benefits for the 
microgrid; 

¶ energy and money savings are expected for the DSO, since energy losses along the MV 
feeder are reduced; 

¶ a model will be tested, where DSO is the provider of a management service as technical 
aggregator, allowing the DER cluster in the microgrid to achieve economic sustainability. 

Table 15. Terni. Use case ASM_UC01 

USE CASE: Demand Response 

ID ASM_UC01 

Name Maximising savings and economic benefits in normal operation by 
optimising flexibility management.  

Storyline The DSO monitoring tool periodically performs the state estimation of the 
distribution grid and consults FOMC in order to improve power quality in 
normal operation by optimising microgrid resources. FOMC evaluates and 
manages flexibility resources, deploying DR Program, compliant with the 
constraints imposed by the running farm processes. 

Furthermore, the analysis will define the requirements (i.e. minimum size 
conditions and essential equipment) so that MG owner can effectively 
participate to a hybrid business model. 

Goal(s) Exploiting and optimising the flexibility of microgrid resources to improve 
the MV grid operation by minimising energy losses. 

Actors DSO, Microgrid operator. 

Preconditions DSO can automatically perform the state estimation. 

Microgrid operator is registered to the DSO Demand Response program. 

Components of the MG are monitored and controlled through the ASM 
Terni sensing infrastructure and DSO monitoring tool.  

The FOMC component can access to the historical data storage in order 
to evaluate the dynamic flexibility of the microgrid and to offer proper 
services to the DSO. 

Postconditions The MV grid operation is improved by reducing energy losses. 

Trigger events Every pre-fixed time interval, the DSO monitoring tool performs state 
estimation of the distribution grid. 

In addition, Terni pilot aims at defining an equipment ranking, in order to set up the 
requirements of the hybrid model and the priorities about DSOôs technical needs (e.g., MV 
network requirements, software deployment, data transmission and distribution), DER cluster 
composition (e.g., primary energy sources, storage, load) and stakeholdersô concerns (e.g., 
energy savings, power quality improvement, ancillary services deployment), checking the 
replicability of the proposed solution. Cyclical analyses with different availabilities of 
resources will be performed, leading to a global definition of the requirements for a microgrid 
which can offer flexibility resources and in terms of DR program may improve power quality 
during normal operation. 
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¶  Smartening the Distribution Grid 

Flexibility resources are exploited with the aim of improving power quality in degraded 
operation by optimising flexibility management. 

Feeder loadings are monitored by an ASM sensing infrastructure suitably deployed in the 
grid. Monitored data are then sent to the DSO monitoring tool through a TLC network. DSO 
monitoring tool can automatically estimate the state of the whole MV grid and, in the case of 
interest, voltage and loading profiles of the feeder supplying the microgrid by means of the 
network calculation platform, and thus it can identify potentially degraded state of the network 
(e.g. overloads, overvoltage and outages). Regarding the feeder supplying the microgrid, a 
preliminary analysis is carried out in order to assess a target range of feeder loadings: the 
maximum allowed loading must not violate security requirements provided by DSO.  

If an abnormal condition is identified, DSO consults FOMC (Flexibility Optimized 
Management Cockpit) in order to estimate the MG flexibility. MG components are monitored 
and controlled by the ASM Terni sensing infrastructure and the DSO monitoring tool; 
collected data are properly stored into a historical data storage so that can be accessible by 
FOMC. The latter uses historical data to estimate the flexibility of microgrid components, 
estimates the microgrid state by means of the data provided by the DSO monitoring tool, and 
performs forecast analysis based on historical data and background analysis. Based on the 
Microgrid flexibility, FOMC carries out Optimal Power Flow calculation and exploits flexibility 
resources with the aim to improve the grid reliability. OPF results then are provided as new 
set points to each microgrid component through the deployed telecommunication network. 

The proper management of the flexible resources of the microgrid improves the distribution 
network reliability, reducing feeder overloads. Flexibility consists of the ensemble of energy 
resources (both electrical and thermal) that can be managed by FOMC in order to satisfy the 
DSO requests of improving power quality. 

In addition, Terni pilot aims at defining an equipment ranking, in order to set up the 
requirements of the hybrid model and the priorities about DSOôs technical needs (e.g., MV 
network requirements, software deployment, data transmission and distribution), DER cluster 
composition (e.g., primary energy sources, storage, load) and stakeholdersô concerns (e.g., 
energy savings, power quality improvement, ancillary services deployment), checking the 
replicability of the proposed solution. Cyclical analyses with different availabilities of 
resources will be performed, leading to a global definition of the requirements for a MG which 
can offer flexibility resources and whose management may supply to DSO ancillary services 
in order to smartening the distribution grid and to provide economic benefits to MG owner. 

From the DSOôs point of view, avoiding and preventing abnormal conditions whose evolution 
can lead to interruptions, energy and money savings are expected, since the power quality 
improvement reduces SAIDI and SAIFI indices; furthermore, additional money savings are 
obtained by avoiding lack of supply, which are charged to the DSO and submitted to a 
regulatory regime. Regarding the microgrid economic involvement, the flexibility-as-a-service 
model can be tested. 

Table 16. Terni. Use Case ASM_UC02 

USE CASE: Smartening the Distribution Grid 

ID ASM_UC02 

Name Power quality improvement in degraded operation by optimising flexibility 
management of microgrid resources. 

Storyline The DSO identifies abnormal condition in the distribution grid and consults 
FOMC in order to deploy automated DR Programs to access microgrid 
resources and to improve the grid power quality. 
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Furthermore, analyses will define the requirements (i.e. minimum size 
conditions and essential equipment) so that MG owner can effectively 
participate to a hybrid business model. 

Goal(s) Exploiting and optimising the flexibility of microgrid resources to improve 
the distribution grid reliability. 

Actors DSO, Microgrid operator. 

Preconditions DSO can estimate automatically the load profile. 

Microgrid operator is registered to the DSO Demand Response program. 

Components of the MG are monitored and controlled through the ASM 
Terni sensing infrastructure and DSO monitoring tool.  

The FOMC component can access to the historical data storage in order 
to evaluate the dynamic flexibility of the microgrid and to offer proper 
services to the DSO. 

Postconditions The grid reliability is improved and both SAIDI and SAIFI indices are 
reduced. 

Trigger events The DSO identifies abnormal condition in the distribution grid. 

¶ Energy Storage Technologies 

Two different aspects will be addressed regarding the MV distribution network. During normal 
operation, historical data and measurements collected by DSO monitoring tool are sent to 
FOMC, which estimates microgrid flexibility. Based on the forecast of local energy 
generation, FOMC provides new set points to energy storage technology, aiming at 
increasing self-consumption. In degraded operation, DSO monitoring tool asks FOMC to 
manage energy storage system in order to support the distribution network, for instance by 
discharging or charging the ESS with the aim to improve power quality. 

From the DSOôs point of view, energy and money savings are expected, since the power 
quality improvement reduces SAIDI and SAIFI indices; furthermore, additional money 
savings are obtained by avoiding lack of supply, which are charged to the DSO and 
submitted to a regulatory regime. Regarding the microgrid economic involvement, the 
flexibility-as-a-service model can be tested. 

Table 17. Terni. Use case ASM_UC03 

USE CASE: Energy Storage Technologies 

ID ASM_UC03 

Name Energy storage technologies. 

Storyline During normal operation, FOMC provide new set points to energy storage 
technology, aiming at increase self-consumption. 

In degraded operation, DSO monitoring tool asks to FOMC to manage 
energy storage system in order to support the distribution network. 

Goal(s) Increasing of MG self-consumption. 

Improving reliability of MV network. 

Actors DSO, Microgrid operator. 
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Preconditions DSO can estimate automatically the load profile. 

Microgrid operator is registered to the DSO Demand Response program. 

Components of the MG are monitored and controlled through the ASM 
Terni sensing infrastructure and SCADA system. 

The FOMC component can access to the historical data storage in order 
to evaluate the dynamic flexibility of the microgrid and to offer proper 
services to the DSO. 

Postconditions The grid reliability is improved and both SAIDI and SAIFI indices are 
reduced. 

Trigger events N/A 

¶ Smart Integration of Grid Users from Transport  

Not far from the microgrid, the installation of some EV recharging points is expected, so that 
a theoretical study is going to be developed in order to efficiently manage the network. They 
will be supplied by the same MV feeder. A preliminary estimation of the EV charging points 
impact on the network will be performed by simulation models and taking into account 
historical data from the DSO monitoring tool, checking the microgrid contribution to the 
optimised management of the whole system. Through FOMC and load forecast, DSO 
coordinates stationsô consumptions, according to the estimated flexibility of the microgrid. At 
the end, an evaluation of the contribution to this load to the network reliability and stability will 
be performed. 

Table 18. Terni. Use Case ASM_UC04 

USE CASE: Smart Integration of Grid Users from Transport 

ID ASM_UC04 

Name Microgrid flexibility exploited for eventual EV recharging stations. 

Storyline Taking into account historical data from the DSO monitoring tool and 
through FOMC and load forecast, DSO coordinates stationsô consumption, 
according to the estimated flexibility of the microgrid. It follows an 
evaluation of the contribution of the microgrid to the management 
optimisation for the network branch. 

Goal(s) Preliminary impact estimation of the EV charging positions on the network. 

Actors DSO, Microgrid operator. 

Preconditions Components of the MG are monitored and controlled through the ASM 
Terni sensing infrastructure and SCADA system. 

The FOMC component can access to the historical data storage in order 
to evaluate the dynamic flexibility of the microgrid and to offer proper 
services to the DSO. 

FOMC can estimate flexibility during off-line simulations. 

Postconditions Demonstrating systemôs availability to supply energy to EV recharging 
stations, by managing flexibility. 

Trigger events N/A 
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3.4 Regulatory Framework 

Up to now, the Italian regulatory framework of energy market is essentially based on a 
centralised electric generation model and does not consider flexibility as a service, as the 
Terni pilot aims to test. The national Entity in charge of setting the regulatory framework is 
the Authority for Electricity Gas and Water: as reported in the web site, ñthe Authority core 
regulatory competences refer mainly to the definition and maintenance of a reliable and 
transparent tariff system - reconciling the economic goals of operators with general social 
objectives and promoting environmental protection and the efficient use of energy - the 
setting quality of service standards and the definition of a framework aimed at the protection 
and empowerment of consumers in competitive marketò [AEN16]. 

Regarding the hybrid business model to be demonstrated in the Terni pilot, the Authority 
does not provide any definition of the microgrid for an urban, rural or industrial cluster. 
Therefore, the pilot site has to manage the trial in compliance with the legislation laid down 
for non-domestic prosumers having several production plants connected to the electrical 
distribution network.  

In particular, the existing regulatory framework regards prosumers who require the 
connection to the distribution network, establishing the contractual power that the prosumer 
may absorb from / supply to the grid. The remuneration for plants, generating from 
renewable sources, is entrusted to the GSE, the state-owned company which promotes and 
supports renewable energy sources in Italy. There are two distinct options available: 

¶ Net metering service: under the service, the electricity generated by a 
consumer/producer in an eligible on-site plant and injected into the grid can be used to 
offset the electricity withdrawn from the grid. GSE pays a contribution to the customer 
based on injections and withdrawals of electricity in a given calendar year and on their 
respective market values. Therefore, for a prosumer choosing this regulatory regime, 
only the amount of generated energy equal to the amount of energy absorbed from the 
grid may be remunerated [GSE17]. 

¶ Resale arrangements: purchases and resells the electricity to be fed into the grid at the 
zonal price or at a minimum guaranteed price; moreover, on behalf of the producer, 
transfers the fees for the use of the grid (transmission and dispatch fees) to distributors 
and to the TSO. [GSI17] 

As for the energy drawn from the grid, the customer buys the necessary resources in the 
open market or in the safeguard market. In the first case, the energy is supplied by a retailer 
that buys energy in the electric market; in the second case, energy price is defined by the 
Authority.  

In general, there is neither a regulation nor a remuneration of the DR practice, although a 
regulatory framework begins to arise according to the authorityôs resolution 39/10, that 
incentivised DR testing, and resolution 114/2015, which promoted research about integrated 
ICT system for DR applied to small users through flexible pricing, load shedding or remote 
power supply with distributed generation [AEI16], [AEN10]. 

The definition of a new regulatory framework is thus expected. On the one hand, it should 
allow DSO or other stakeholders to become technical or economic aggregator for prosumersô 
clusters; on the other hand, Authority should define new opportunities for customers, as DR 
mechanisms or flexibility services. 

3.5 Technology Bounds 

Terni Pilot site aims at demonstrating a new cooperative and efficient cooperative model 
between a microgrid and a DSO. Therefore, advanced equipment is required. In Italy 
standards are already in place in order to prescribe the requirements for active users 
connected to the LV network. Actually, the main standard is CEI 0-21, which regards the 
technical connection for active and passive customers to the DSOôs LV networks. According 
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to the standard, PV power plant and/or conventional generator equipped with storage system 
must give DSO some ancillary services, even if with a limited impact. The foreseen actions in 
Terni pilot site aim at improving the effect of DERs on the power quality and distribution 
network efficiency, by means of voltage regulation, peak shaving, load shifting, reverse 
power flow mitigation, power losses reduction and recovery from outage. 

Moreover, a proper data exchange system is deployed. In the pilot site, data are collected by 
Remote Terminal Units (RTUs) and processed by the DSO monitoring tool, able to show the 
current state of the distribution network. Standard IEC 61850, which is the International 
Standard related to the configuration of Intelligent Electronic Devices for electrical substation 
automation systems, is used as communication protocol. 

According to a distribution smartening, potential of DSO monitoring tool are yet unexplored 
and data will be used by innovative software tools, such as OpenADR, which will allow the 
communication between DSO and FOMC. They are able to define DR programs, analyse 
and optimise the flexibility resources in the Microgrid. These operations need tools for the 
forecast of flexibility, as results of modelling of user behaviour, economic needs, state of 
equipment. 

3.6 Business Model 

ASM (the DSO) has to sustain costs in order to connect the microgrid lo the LV network. 
Connection requirements are substation, cable line, TLC network. Project development 
requires analysers in order to measure generation and consumptions. Also, the microgrid 
owner has to sustain costs for the adjustments of its equipment. 

Main savings concern microgrid resources optimisation (e.g. increasing of self-consumption, 
internal losses reduction), green energy consumption maximisation, network reliability and 
resilience improvement. Furthermore, on the distribution network loss reduction is expected, 
as well as power quality improvement. In particular, ASM aims at reducing SAIDI and SAIFI, 
reducing voltage fluctuations. 

Regarding the pilot site, ASM aims at increasing both efficiency and sustainability, from an 
environmental point of view. Environmental improvement involves CO2 emission reduction 
and self-consumption increase. From an economic point of view, these improvements can be 
considered as revenues. In actual fact, green certificates can be obtained by GSE. 

3.7 Replicability/Impact of the Pilot 

Due to the increasingly amount of distributed generation, many independent and private 
microgrids similar to the one involved in this Pilot are envisaged in the near future. Therefore, 
the Terni Pilot may be taken as a benchmark for the management of similar DER clusters 
connected to the distribution network. 

The FOMC software, able to assess and exploit the flexibility of a microgrid taking into 
account both DSO and microgrid constraints, will be integrated and extended in order to 
define a modular solution for the management of a microgrid and its integration in DSOôs 
distribution network. Moreover, the software will allow applying a ñflexibility-as-a-serviceò 
business model, based on the cooperation between the DSO and the microgrid owner. 

Such solution is easily scalable and replicable, and therefore could be implemented at a 
large scale for the effective management of microgrids connected to the DSOôs distribution 
network. 
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4. Survey on the San Severino Pilot 

4.1 Pilot Area Description 

A. Area and Geographical Overview 

The pilot project is related to the distribution grid of San Severino Marche which is managed 
by the local distribution system operator A.S.SE.M. SpA. San Severino Marche is a small 
town in the Macerata province, in the Centre of Italy. The total area of the municipality of San 
Severino Marche is around 193 km2 and counts as population 13 thousand inhabitants. The 
territory is composed by the main town and the surrounding rural hilly area. The total length 
of MV grid, operated at 20 kV, is 182 km. In 2016 the number of users connected to the grid 
was 7958 with a peak demand of 39.69 MW. In the same year, the number of generators 
connected was 387 with a capacity of 27.4 MW. The main technologies of generators are 
solar and run-of-the-river hydro. The primary substation of the grid is located in Colotto, a 
hamlet of San Severino Marche. Two transformers are placed in the primary substation and 
five feeders are connected to each of them. The peculiar topology of the area in some cases 
makes it difficult to properly reach users far from the main town (e.g. communication 
channels are typically based on radio technologies). 

 

Figure 14. San Severino Marche geographical location 

B. Needs and Opportunities 

In the past, the area reported a hydro resources exploitation while, recently, photovoltaic 
generation penetration has been rising year after year. Moreover, due to the agricultural 
activities, good opportunities are also related to biomasses. Vice-versa, the energy needs of 
the loads are quite limited, consequently a reverse power flow regularly occurs, especially 
during summertime. One of the main already existing components in this area is the 
communication system developed in a previous project, which is based on fibre optic, Wi-Fi 
bridges, and mobile network (LTE). It allows exchanging real-time signals/data between the 
DSOôs control Centre, the protection equipment distributed on the MV network and the users.  

In such a scenario, with high DG penetration but also high communication level among the 
components, the MV grid of San Severino Marche is particularly suitable for a pilot to 
investigate the effective management of the DG and the maximisation of the hosting 
capacity.  

 

 


















































































































































































































