TECHNICAL SPECIFICATION
Power Conversion for Energy Storage Systems with Islanding functionality
(PCS IM)

RATED POWER from 33 kVA to 200kVA – Three-phase
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ABBREVIATIONS 
For the purpose of this document, we have used the following standard abbreviations:

PCS
Power converter
MCM
Microgrid Control Module
PMS
Power Management System

EMS
Energy Management System

ESS
Energy Storage System
RMBS
Rack Battery Management System

BBMS
Ban Battery Management System

CAN
Communication bus
PMD
Power Monitoring Device 

HMI
Human Machine Interface
G60
Communication Gateway
THDI
Total Harmonic Distortion in Current
EMC
Electro Magnetic Compatibility
IEC
International Electrotechnical Commission
UE
European Conformity
EN
European Norms
UL 
American Norms
USER GUIDE
Paragraphs shown in red refer to options. They should be deleted if these options are not relevant to the current project. 
Notes shown in purple are intended for specification users (engineering consultants or Socomec spec engineers). Delete these notes before the specification is published. 

1. PURPOSE OF THE SPECIFICATION DOCUMENT
This specification document describes the power converter (PCS IM) used in energy storage installations with islanding functionality. 
The technical reference is SOCOMEC SUNSYS PCS² IM 33kVA, 66kVA, 100kVA or 200kVA of rated power.

2. NORMATIVE COMPLIANCE
The PCS must comply with the following standards:
Keep the below texts for a product to be sold to the United States:

· Safety: 

UL 1741SA.

· EMC: 

FCC Part 15.

· Software:

UL 1998.

· Grid Code :

IEEE 1547-2003, IEEE 1547a-2014, IEEE 1547.1-2005

Keep the below texts for a product to be sold to Europe:

· Safety: 

EN 62477-1 and EN 60950-1/A2.

· EMC: 

EN 61000-3-12, EN 61000-6-2, EN 61000-6-3 and EN 61000-3-11 (33 to 100kVA)
EN 61000-6-2 and EN 61000-4 (200kVA)
· Grid Code :

C10/11 (Belgium) (except for the 200kVA)
The PMD must comply with the following standard: 
· Safety:


IEC 61557-12
3. ORIGIN
The PCS as well as the MCM and the distribution cabinets must be developed, manufactured and tested in a European country (Italy / France).  The development and production site must be certified according to ISO14001 (Environmental management system) and ISO9001 (Quality management system).
Keep the below texts for a product to be sold to Europe:

PCS covered by this specification must have the EU marking, in accordance with European directive on safety and electromagnetic:  2014/35/UE (Low voltage directive) and 2014/30/UE (EMC). Relevant documentation and certificates must be made available on request.  

4. GLOBAL DESCRIPTION OF A POWER CONVERTER FOR ENERGY STORAGE SYSTEM WITH ISLANDING FUNCTIONALITY 
4.1. Operation
The PCS is an electronic system that converts AC electrical energy in DC or vice versa in order to charge or discharge batteries.  It has to be composed of a single bidirectional conversion stage and equipped with an internal galvanic isolation between AC & DC connection points.  
The galvanic isolation enables:

· To isolate DC side from AC side
· To prevent the injection of continuous current on the AC side 
· To limit the impact of a DC isolation fault on the AC side 

· To centre the neutral in case of islanding operation 
The DC side has to be monitored to control the insulation in order to detect any earth fault. 

The PCS also has to be based on a modular architecture in order to optimise its upgradability, its reliability, its life duration and its maintainability. 

The PCS are composed of power modules that must have a rated power higher than 25kVA and lower than 35kVA. The total power of a PCS shouldn’t exceed a rated power of 200kVA.

These power modules must be hot swappable, without any impact on the operation of other modules of the conversion device, in less than 5 minutes.

The PCS have to be able to work in parallel up to 5 units (10 units up to 100kVA) using a dedicated Power Management System.
In islanding mode, the PCS has to work as a voltage generator setting voltage and frequency for users, P and Q being set by them.  

The PCS must be able to go from on grid to islanding mode and vice versa without operation and supply interruption for users (loads, production plants). It shall ensure balance between production and consumption by automatically adapting battery charge and discharge as well as active and reactive power to users. It must be able to operate in an asymmetric way.. Finally, it shall be able to adapt its frequency on a range in order to regulate the production of the sources connected to the microgrid.  
4.2. General characteristics
	Apparent rated power 
	33 kVA, 66kVA, 100 kVA or 200kVA

	Active rated power (Pn) 
	33 kW, 66kW, 100kW  or 200 kW

	Apparent rated power per module 
	33 kVA

	Active rated power per module (Pn) 
	33 kW

	DC operating voltage range 
	450 to 825 VDC without derating

450 to 850 VDC with derating

	Maximum discharging current per module
	80 A

	Number of poles
	3 P + N (to be kept for  TR versions)
3 P  (to be kept for  TL versions)

	AC nominal voltage
	400 VAC  (to be kept for CE – TR versions)

480 VAC  (to be kept for UL – TR versions)
280 VAC  (to be kept for TL versions)

	AC operating voltage range 
	320 to 480 VAC (to be kept for CE – TR versions)

423 to 528 VAC (to be kept for UL – TR versions)

252 to 308 VAC (to be kept for TL versions – except 200kVA CE)
224 to 336 VAC (to be kept for the 200kVA CE version)

	AC generated voltage range
	Vnom VAC +3%/-7% at cosΦ 0.8 (to be kept for TR versions)
Vnom VAC +2%/-7% at cosΦ 0.8 (to be kept for TL versions)

	Rated frequency 
	50 Hz (to be kept for CE – TR versions)

60 Hz (to be kept for UL – TR versions)

	Operating frequency range 
	47.5 to 51.5 Hz (to be kept for CE – TR versions)

59.3 to 60.5 Hz (to be kept for UL – TR versions)

	Generated frequency range
	49.76 to 50.24Hz


4.3. Environment

· Operating temperature range: 

from 0°C to + 40°C without derating (to be kept for CE versions)
from -5°C to + 50°C with derating (to be kept for CE versions)
from 32°F to 104°F without derating (to be kept for UL  versions)
from 23°F to 122°F with derating (to be kept for UL  versions)
· Storage temperature range: 

from -5°C to + 60°C (to be kept for CE versions)
from 23°F to 140°F (to be kept for UL  versions)
· Altitude, without derating: 

≤1000m (to be kept for CE versions)
 




≤3300ft (to be kept for UL  versions)
· Relative humidity: 


5% to 95 % at ambient temperature, without condensation 

· Ingress protection:


IP 20 (to be kept for CE versions)
NEMA 1 (to be kept for UL versions)
· Acoustic noise at 1m: 


< 67 dB

4.4. Performances
· THDI : 



<3% (to be kept for 33, 66 and 100kVA)
<4% (to be kept for the 200kVA)
· THDV :



<2%

· Symmetrical overload:


150% during 30 seconds 

125% during 10 minutes

110% during 30 minutes

105% during 60 minutes

· Asymmetrical overload:


260% during 30 seconds

215% during 10 minutes

190% during 30 minutes
· Short-circuit current symmetrical fault:
185% during 40 ms + 155% during 60 ms
· Short-circuit current asymmetrical fault:
300% during 40 ms + 235% during 60 ms
· Efficiency: 



>95% from 15 kW.

To maximise the efficiency, the PCS has to be equipped with a wattmeter management system enabling it to operate with the just enough number of power modules according to the received order. Thus, the non-used modules stay in standby mode and the others can operate at their optimum.   

· P/Q operation:
 


100%

The PCS has to be able to respect and follow orders in the entire P/Q diagram, which means 100% of Sn and this whatever the face (+C/-C/+L/-L)

· Response time:

To answer at best to operational constraints, it is important for the energy storage system to be able to follow precisely and quickly order modifications coming from an EMS or PMS. 

· 0%
==>
+100% (Charge) :


< 500ms

· 0%  ==>
-100% (Discharge) :

< 400ms

· -100%  ==> 
+100% (Discharge/Charge) :

< 650ms
· +100%  ==> 
-100% (Charge/Discharge) :

< 650ms
4.5. User interface, control and alerts

The user interface on the PCS must consist of a graphical colour display with the following features:

· Min 3.5" screen. High Definition (min. 320x240 pixels) with backlight;

· Display of PCS status, measurements and alarms 

· Display of events historical 

· Local configuration, supervision and control of the PCS

This HMI gives access to:

· Operating states: Local / Distant – On / Off – Charge / Discharge 

· Instantaneous alarms and alerts of each modules 

· Instantaneous power electrical values in kW 

· State of charge of the batteries 
· Configuration of the conversion unit parameters: system, network...

It must be possible to update the firmware simply and automatically by connecting a USB key in the HMI. The same process must enable the update of languages.  

The PCS must be equipped with specific input terminals to enable an external emergency stop to activate, stop and disconnect the PCS by opening the DC and AC contactors. 

4.6. Construction Specification
It will be mandatory, to install a PCS, to keep 30cm space at the back of the machine in a 40°C ambient temperature room: 

· Connection of loads and batteries needs to be done from the bottom 

· The PCS will be cooled with forces ventilation: the air inlet will be on the front panel and the outlet vent will be at the back of the cabinet
· Maintenance operations will be done via top access only and the preventive replacement of components will be eased to shorten the mean time to repair. 
Each unit will be equipped with switches upstream and downstream: these will allow work on the electronics or power modules to be done in safety. 

Shall the installation be equipped with an air exit system; the back space would be limited to 10cm for an ambient temperature of 40°. 
5. GENERAL DESCRIPTION OF A MICROGRID CONTROL SYSTEM FOR ENERGY STORAGE SYSTEM WITH ISLANDING FUNCTIONALITY 
The MCM is a cabinet including a PMS, system enabling control and piloting of the ESS (PCS + Batteries) locally or remotely. The PMS operates, alone or with EMS supervision, peak shaving functionalities (consumption or production peaks) and self-consumption functionalities in on grid mode, microgrid management in islanding mode and management of transition between on grid and islanding mode, by giving orders to the ESS while preserving its operating conditions.. 

The PMS is also in charge of ensuring that the requested operating conditions are respected and if not of putting the system in a degraded mode operation. 
The MCM must also include a secured power supply in order to power the PMS, the auxiliaries of the batteries, the PCS and the components enabling disconnection of the microgrid from the grid, during transition from on-grid to islanding mode. 
5.1. Human Machine Interface (HMI)

The HMI of the MCM both enables to operate locally the ESS and to enable a remote supervision thanks to an embedded web site that is a copy of the local interface.
The HMI gives access:

·  
To the visualisation of the installation’s state by a one-line diagram showing the major information 

· 
To the programming and realisation of local piloting orders 

· 
To the visualisation of the states, alerts and alarms of each component

·  
To the timestamped recording of the states, alerts and alarms of each component
·  
To the visualisation of all analogic values (electrical, thermal…)

·  
To the display of curves of the main values 
·  
To the setup of the installation 
The HMI must enable fast switch from French to English language. 

An update of the HMI program must be possible locally through a simple and reliable operation using an SD type card loaded with the program. 
5.2.  Operation in islanding mode
To enable the PCS to work in islanding mode, the PMS must:

· Control the connection of the microgrid to the main grid 
· Detect the loss of the main grid
· Manually or automatically permit the disconnection from the main grid 
Two types of islanding shall be available in automatic mode. 
The PMS must manage an unforeseen islanding according to the following steps:

· Detection of the loss of the main grid 
· Opening of the main grid breaker 
· Operation of the PCS in voltage generator mode in order to start a process of cold start cycle or blackstart. This consists in progressively power the microgrid.  
The PMS must manage a programmed islanding according to the following steps:

·  
Operation of the PCS to get a zero power value at the main grid breaker 
·  
Opening of the main grid breaker
·  
Change of the operating mode of the PCS from current generator connected to the grid to voltage generator. 
The PMS, thanks to its islanding controller, has to manage synchronisation and reconnection of the microgrid to the main grid, when the latest is available. The following steps need to be respected: 

·  
Operation of the PCS to synchronise voltage, frequency and phase of the microgrid to the main grid
·  
Closure of the main grid breaker when the microgrid and the main grid are synchronised  

·  
Change of the operating mode of the PCS from voltage generator to current generator connected to the grid.
The PMS has to control the Genset by answering to the following functions:

·  
Start / stop the genset

·  
Send P / Q set points by Modbus communication in case of use of a ComAp InteliGen genset controller

·  
Send P / Q set points by 4..20 mA signal in case of use of other genset controllers

5.3. Power Monitoring Device (PMD)
To be able to operate the PMS needs to have access to electrical values, these can be obtained thanks to a power monitoring device. 
The multi-function measuring system should be a compact modular PMD. It should provide all voltage, current, power output, energy and mains quality measurement functions and enable a joint analysis of single-phase and three-phase loads.

The Plug & Play system will be based on modules that can be interconnected (without tools) and will provide automatic detection of the types of network, loads and current sensor ratings, verification of the current flow direction, auto-configuration of the types of network and load and auto-addressing of the devices connected to the Digiware bus. If an installation error is detected during set-up, an alarm will be automatically generated.

The system will include:

·  
A control interface with a remote display, which will centralise all information via RS485 or Ethernet. It will also be possible to accede to an embedded Website to visualise all loads and to a server enabling to download the electrical values history 

·  
Standalone voltage and current measurement modules

·  
Current sensors.

The accuracy of the measurement will be ensured in accordance with standard IEC 61557-12: 

·  
Class 0.5: From 2 to 120% of the rated current for the entire measurement chain (measurement module + current sensors)
·  
Class 0.2: Accuracy of 0.2% for the measuring module alone
The current sensors form an integral part of the measuring system and therefore must come from the same manufacturer as the measurement modules. They enable risk-free connection and on-load opening of the secondary. 

In terms of function, the measurement system should meet the following constraints in accordance with 3 increasing functional levels:

·  Measurements of general electrical values: U12, U23, U31, V1, V2, V3, Vn, F, I1, I2, I3, In, Pf, P, Q, S (operation in 4 quadrants)

· Measures available in values: instantaneous, max. Instantaneous (time stamped), min. instantaneous (time stamped), mean, max. Mean (time stamped) & min. mean (time stamped). 
· Specific measures: voltage dips and jumps (according to EN 50160) / Single harmonics U & I (up to row 63)

· Counting: ±kWh, ±kVAh & multi prices
· History: recording of the load curves over 7 days, with values each 10 min. 
5.4. Construction specification
All components of the equipment need to be assembled in a cabinet with the following characteristics:

· Cabinet structure:



Galvanised steel S250GD+Z140-MAC 1,75mm 

· Side panels:



1,2mm XE Steel polyester epoxy paint
· Door:




1,5mm XE Steel polyester epoxy paint
· Metallic segregation:


Galvanised steel S250GD+Z140-MAC 1,5mm 

· Colour: RAL 7035

· Ingress protection IP31 according to IEC 60529.

· Mechanical protection rating IK10 (except for components such as handle, display…) according to IEC 62262.

6. FACTORY TESTING AND INSPECTION

The supplier of the equipment must be able to offer factory acceptance tests and in the presence of the customer. All tests will be carried out with appropriate measuring instruments, their accuracy guaranteed by a certificate of calibration. Following the positive outcome of the test procedure, the manufacturer shall prepare a certificate listing the tests performed and the results obtained. 

7. COMMISSIONING

After installing the equipment and its power supply, commissioning will be carried out by technicians trained and certified by the PCS manufacturer. 

The following steps must be performed:

· Visual inspection of the PCS and absence of intruding objects,

· Checking of electrical and mechanical connection of the PCS,

· Functional tests to check its operation,

· Validation of the measurements taken during factory tests,

· A complete charge and discharge cycle of the battery,

· Load-testing
,

· Installation and verification of the transfer of data to the supervision station

· Basic training for system users :

· General description of how to use the system 

· Instructions on use and maintenance

At the end of the commissioning procedure, the technician will need to create a full report on the work undertaken.

8. MAINTENANCE CONTRACT

The PCS manufacturer must be able to ensure the maintenance of the installed equipment, by means of a maintenance contract. This should be done by technicians trained and certified by the manufacturer of the equipment. A secured remote connection will be required to access to the monitoring of the equipment.

9. WARRANTY

The PCS warranty, against all failures, must be at least of 2 years. 
It must be possible to offer a 5 or 10 years warranty extension as a contract.  
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� The tests may be carried out only with the existing system load or a test load provided by the customer.
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