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“Large Scale Integration of Micro-Generation to Low Voltage Grids
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More Microgrids Project

Highlights :

 Implementation of sophisticated control techniques for Distributed
Generators and Load Controllers

« Integration of several microgrids into operation and development of
the power system. Interaction with DMS.

* Field trials to test control strategies on actual microgrids

* Quantification of microgrids effects on power system operation and
planning
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Field demonstration cases
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Field demonstration cases

Types of microgrids :
» 3 urban/commercial

* 1 rural
e 2islands OSTKRAFT
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Field demonstration cases

2 large laboratories considered for "risky" tests
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Field demonstration cases

2 large laboratories considered for "risky" tests

EI a S E 34EWe 10EWel IKWe

l » .— (]
lgl FUEL
CELL
7

==

45kWel

64K Wel

ZEBRA " o
BATTERY
£

10kWel
90 kWth

N3 100k Wel
W 160 KWen

93 kWel
69KVAR
1S0kKVAR

«
L

—-

« ‘1 « “ «
/ P ¢— . a— o 3
‘ - L B 'q ‘_Ic « !
s ‘T.'l +l. vll % v, | lol] :
COMMUNICATION  ——} ! X ~ 'l ; »*l ;
SYSTEM x : x =
| .« !
"--_ : < L “ * % "y r‘ ;
Al v v v v | v v |
. i = A ‘ |
Ly G v v L gL i
DATA ' % 'S N X © = : — ;
ACQUISITION «—» | . ! LVbar1 ! 5
H - H ! B
SYSTEM - =~
: t INTERCONNECTIONS | | | |
i CONFIGURATION BOARD | e ! =
e e D N e e b f i 1€ =
SYNCHRONISATION * 800 kVA &, L |
UNIT L : “a
{ _MVgrid | bk i IR

24
www.microgrids.eu f/j 7

MINES
Pari<Tech



Obijectives of field demonstrations (1/2)

Experimental validation of various actual Microgrids in different operating
modes. In particular the following objectives were set :
*Evaluation of different operating modes :

® interconnected

*® islanded - evaluation of long term operation, (i.e. fault level, parallel
operation of inverters, harmonics etc)

® transitions from interconnected to islanded mode and vice versa.
®* automatic isolation and reconnection
® zero energy flow with main grid

® black start capability
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Obijectives of field demonstrations (2/2)

* Evaluate different control strategies :

* Centralized
® Decentralized (agents)

® Assess of power quality aspects from the integration of DG & RES units.

® Study issues related to awareness and acceptability of customers

Further, in a complementary project (INCO) :

* Evaluate the integration of new RES technologies like biogas.
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HIGHLIGHTS: The Manheim case

Field test area and installed units

Field test area
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HIGHLIGHTS: The Mannheim case

Proof of seamless transition Grid - Island - Grid
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HIGHLIGHTS: The Manheim case

Proof of functionality of multi agent system

Measurements
Price Schedules
and Policies

MICROGRID
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HIGHLIGHTS: The Manheim case ™)

Role of social acceptance
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HIGHLIGHTS: The Bronsbergen holiday resort casel

Description of case & objectives

Holiday park, Zutphen, NL
108 cottages with PV roofs
Installed solar power 315 kWp
Peak load 150 kW
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HIGHLIGHTS: The Bronsbergen holiday resort case:

Description of case & objectives

Holiday park, Zutphen, NL
108 cottages with PV roofs
Installed solar power 315 kWp
Peak load 150 kW

Technical objectives
Demonstrate stable parallel operation of inverters and load sharing in islanded mode

Demonstrate fault level in islanded mode

Demonstrate cap. to manage battery energy and lifetime +/
Demonstrate reduction of harmonics

Demonstrate black start capability of microgrid
Demonstrate automatic isolation and reconnection
Demonstrate long-term islanded operation
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HIGHLIGHTS: The Bronsbergen holiday resort case;
Test of black start

Objective:

Show that a single inverter is capable to black-start a de-energised distribution
network.

Methodology:

Run the microgrid in islanded operation, then switch both inverters off. Restart
one inverter.
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HIGHLIGHTS: The Bronsbergen holiday resort case

Test of automatic microgrid reconnection

Measured frequencies of
the microgrid (red) and the
public network (green).
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HIGHLIGHTS: The Bronsbergen holiday resort case

Lessons learnt

Additional hard- and software => need for instruction and education of all who has
to work with the equipment

Additional safety issues

Cooperation with customers is required

Battery inverters with proposed control system , SC rating and black start
capability very suitable for microgrids that must swap between grid-connected
and islanded mode — being commercialized right now

Very powerful capability to improve harmonic behaviour of the network — being
commercialized right now

Island detection on microgrid level remains an issue: Is possible but not as simple
as for a single inverter.

Batteries must be dimensioned generously to avoid operating too close to
reliability limit; synchronization may fail if SOC close to 100%

(i.e. PV inverters
failed to switch off when f>52 Hz)

24
www.microgrids.eu ;/ 18

MINES
Pari<Tech



Overview & perspectives

* The relative small size of the demonstrations permits to draw
mainly qualitative conclusions => main lessons learnt concern
the "how to" :

— Proof of concepts (i.e. decentralised control) in real systems
— Technical feasibility (i.e. islanding)

— Monitoring/observation of microgrid operation

— Assessment of cooperation with customers (i.e. acceptability)
— Knowledge about costs, deployement, operation of microgrids

* The next step could be "large-scale" demonstrations to
assess effects of scale (i.e. load shaving, CO2 savings etc).
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Overview & perspectives

 The EC launched a call for demonstration projects within FP7
(March 2010, ENERGY.2010.7.1-1: "Large scale demonstration of smart
distribution networks with distributed generation and active customer
participation”, financing 35 Mio€)

« Several projects were proposed. Currently they are at
negotiation phase. Successful ones are expected to start by
beginning of 2011.
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