RSE DER TEST FACILITY
RSE DER (Distributed Energy Resources) Test Facility is a real low voltage microgrid that interconnects different
generators, storage systems and loads to develop studies and experimentations on DERs and Smart Grid solutions.
The Facility extends over an area of about 20000 m2, is interconnected to the MV Grid by means of a 800 kVA dedicated
transformer (23 kV/400 V) and has an overall capacity of 300 kW (active power) and 300 kVAr (reactive power).
Different types of DER generators are connected as PV Fields, Solar Dish with Stirling Engine, Wind Generator, Diesel
Generator and natural gas CHPs (Internal Combustion Engines). The facility has an overall storage capability of about 230
kWh based on different storage technologies as Lithium, Flow (Redox), High temperature Nickel-Sodium and Lead (VLRA)
batteries interconnected to the grid with dedicated converters. Resistive, Inductive and Capacitive Loads (overall capability of
about 90 kW, 70 kWAr inductive and 150 kWAr capacitive are connected to the grid in order to simulate different typologies
of actual users loads).

The microgrid is configurable (locally or remotely) at the interconnection board in order to obtain different grid topologies:
radial grids and also meshed configurations. There’s also the opportunity to extend feeders till one kilometre.
The interconnection board (main bars and all feeders) and all the DERs are provided with electrical measure equipment, set up
to collect and analyse the experimental data derived from the field test.
In addition to AC Microgrid, a Low Voltage DC Microgrid (400 V, 100 kWe) is present capable to operate in islanding mode
ore interconnected to the AC grid by means of a bi-directional AC/DC converter.
RSE DER Test Facility allows to test the integration, interconnection and performances of different technologies adopted in
DER and control strategies for the whole microgrid; in particular the following experimental activities can be performed:
•
•
•

DER Generators (RES and CHP) test including energetic performance, interoperability, local and remote control and
electrical compatibility with other components
Batteries and storage systems tests including systems performance, interoperability, renewable energy management,
ancillary services (voltage and frequency regulation)
Smart Grid control test including Energy Management systems, self-consumption optimisation, energy and power
exchange with the main grid, islanding operation in case of grid faults
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•

Experimental simulation of different operating set-up as microgrid, dispatchable Virtual power plant, independent and
self-sufficient generation and load system.

A Supervision and Control system has been developed in order to monitor and control all installed resources.
Different Energy Management and control functions have been implemented and can be used in order to fulfil with the
requested objective (economic optimisation, renewable resources balancing, self-consumption, voltage control, state
estimator). Resources control can be performed manually or in a full automated mode according to the different Microgrid
control functions. New Management and control functions (also from third parties) can be easily integrated to DER Test
Facility Control System. Communication has been developed with different technologies: LAN Ethernet, Wireless and Power
Line. Archive functions as data storage and retrieval are integrated in SCADA.
The following distributed energy resources are connected:

Generators devices:


Photovoltaic installations: about 20 fields with an overall
nominal power of 36 kWp with single phase, three phase and
micro inverter. PV modules and inverters characterisation is
performed by on line, long term continuous monitoring.
Different module technologies are adopted spacing from
single & multi crystalline Si, amorphous, thin film, CIS,
CDTE, etc



CHP Internal Combustion engine: the system is based on a
Viessmann Vitobloc 200 EM-50/81 engine (50 kWe, 80 kWth)
fed by natural gas. The CHP (adopting a synchronous
generator) can operate in the range 25-50 kW and can control
reactive power with PF values from 0.8 to 1 (inductive and
capacitive). A dissipating thermal circuit allows to control
thermal power generated by the turbine simulating end user
consumptions
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CHP Internal Combustion engine: the system is based on a AISIN Toyota
GECC60A2NR internal combustion engine (single phase, 6 kWe, 12 kWth)
fed by natural gas. The generator used for simulating a domestic CHP
system has been in the past successfully operated with NG/H2 mixtures (up
to 20% vol).A dissipating thermal circuit, including a thermal storage,
allows to control thermal power generated by the engine simulating end user
consumptions



Solar thermal plant: the system (Euro Dish) is constituted by a parabolic
dish (56m2, diameter 8.5 m) that concentrates the solar radiation in the
receiver of a Stirling Engine (SOLO 161 , 10kWe) using helium as working
gas. The Euro Dish is completed by a movable structure (on the two axis of
azimuth and altitude) automatically operated by a tracking system. A
dedicated acquisition and control system operates the plant.



Mini Wind Generator: the system is based on a Mistral 3000, 3kWe, 4 m
diameter rotor) connected to a PowerOne PVI3.6 single phase inverter. The
system, with a nominal wind speed of 10.5m/s can operate from cut in speed
(2.5 m/s) to a maximum speed of 60 m/s.



Diesel Generator: the system, manufactured by Ausonia, is based on a
10 HP engine (Ruggerini) and an asynchronous generator (Leroy
Somer) with a maximum capacity of 8kVA.

Storage systems:


Redox Flow Battery: the storage system, manufactured by
Sumitomo-SEI , is based on a 45kW stack (Voltage 100155 VDC, Current up to 500 A) and an electrolyte
(Vanadium Salt) circuits based on two 4000l thanks that
guarantee a total capacity of 90 kWh. The battery is
connected at the AC net (3 phase) through a 50 KW
Inverter.
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Lithium Ion Battery #1: the system, with a nominal voltage of
432 V, is based on SAFT VL41M NCA cells and is characterised
by a maximum continuative discharge power of 69 KW and a
maximum cont. charge power of 19 KW; the rated capacity is 80
Ah with an overall energy of 36 kWh. The storage system includes
battery BMS, 100 kVA bi-directional AC/DC converter operating
on 4 quadrants, and local control system.



Lithium Ion Battery #2: the system, manufactured by Loccioni, has a
nominal voltage of 532.82 V and is based on Samsung SDI LMO 60Ah
cells and is characterised by a maximum continuative power of 30 KW
(both in charge and discharge; the rated capacity is 60 Ah with an overall
energy of 32 kWh. The storage system includes battery BMS, 37 kVA bidirectional AC/DC converter operating on 4 quadrants, and local control
system



NaNiCl Batteries; the system is based on Fiamm NickelSodium high temperature batteries each one characterised by a
nominal Voltage of 557 V, a maximum power of 32 kW and a
rated capacity of 32Ah (energy 18 kWh). Each batteries has a
BMS and up to three batteries can be connected in parallel to a
150 kVA bi-directional AC/DC converter operating on 4
quadrants. The system is completed by a local control system
for batteries and converter management.



Lead VRLA Batteries; the system is based on 32 Fiamm
Lead VRLA batteries (12FIT150 monolite) 12V, 150Ah
connected in series for a nominal voltage of 384V, a
maximum continuative power of 20 kW and a rated capacity
of 150Ah (energy 50 kWh). The batteries are connected to a
dedicated 22 kW bi-directional AC/DC converter operating
at PF 0.8-1. The system can be directly connected to PV
fields and loads in order to test off-grid operation.
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Loads


Resistive/Inductive Controllable load: a
resistive/inductive remotely controllable load. Maximum
power: 93 kW+69 kWAR. Load on single phases can be
set independently in order to test not equilibrated
configurations (3x31kW+3x23kVAr). Load control steps
of 1 kW and 0.75 kVAr



Capacitive Load: a manually controlled three phase capacitive load with an
overall capacity of 150 kVAr, with a control steps of 25 kWAr

Additional components


Bi-directional inverter: a bi-directional inverter (200kWE) able to
generate a second independent net at variable voltage and frequency to
test components behaviour at different grid conditions. The supplied
system consists of two back to back inverters. One inverter is
connected to the grid and supplies power to a DC bus. The other
inverter converts the DC bus power to a three phase variable
frequency, variable voltage output. The power supplied by the voltage
source is up to 200kW at a power factor of >0.8. A bi-directional three
phase inverter is used to transfer power to and from the main grid.



DC microgrid: a DC microgrid operating at nominal
voltage of 400VDC with bi-directional interface inverter
(100 kWE), resistive programmable load (60 kWE), two
Zebra batteries (each 30kWp, 16kWh), two supercapacitors banks (each 30 kWE,, 4 seconds) and a PV
emulator (50kWE) connected to DC BUS by DC/DC
converters. The grid can operate in islanded mode or
connected to the main AC grid (DER Test Facility)
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Domotical House: the house, representing a
common residential flat, is used to test
domestic loads, heating and cooling systems,
PV Installation and self-consumption
management. In the house an innovative micro
CHP system (1kWe, 8 kWth) based on
Stirling engine is installed and operated in
alternative to traditional boiler and heat pumps



EV recharge stations: two Electric Vehicles recharge stations
are installed and connected to DER Test Facility. Recharge
management can be remotely controlled and monitored



Weather Forecast: in addition to actual data, Weather
Forecast at 24, 48 and 72 h (performed by RSE) are
integrated in the Supervision and Control System.
Forecast data include Global, diffused and directed
radiation, ambient pressure, temperature and humidity,
wind speed and direction. Weather forecast are used for
renewable resources generation and thermal power needs
forecast

Ricerca sul Sistema Energetico – RSE S.p.A.
Via R. Rubattino, 54 - 20134 Milano – Italy www.rse-web.it
contact person: Maurizio Verga (maurizio.verga@rse-web.it)
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