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Yes Josep, but who are you?

 Bornin Barcelona

e Active ecologist from early years

e “Sabatic” year before University

e BScin Telecom 1993-1997

e MScin EE 1997-2000

e PhD PE&C in UPS Company 2000-2003

e Studied Jazz in the Official School of Music 2003-2007

* Postdoc in Zhejiang University, China 2007

e Studied Chinese in the official School of language 2007-2011
 Move from Barcelona to Aalborg 2011

Microgrid Research programme:




After years of researching the sex of microgrids...
| decided to become a customer

PV 2.4 kW
Selling EL: 1.02 kr/kWh
Buying EL: 2.20 kr/kWh

EV Charger
EV 3.7 kW
30 kWh
250 km

Like a doctor taking your own pills...



Dr House?

(again) it’s Lupus! (again) it’s a Pl control!

If you really want to do something, you will find the way.
Otherwise, you will find the excuse...

Microgrid Research programme: Wwww.




Real sentences from close people
working in renewables (!):

Are you crazy?

| never consider PV as an investment

Do you want to build a demo-house? Haha...
But no sun in Denmark!

Your EV is too confortable

You have an EV, so which is your other car?
Of course a hybrid one, right?

Let me open the window to avoid discharge your batteries with the
air condition

You could buy a luxory car instead

EV means that | have to change to many things
Did you calculated the RoE?

Yes, yes, nice... but this is imposible in my country.



Denmark =

1990

e ——— — i ——



5
g
©Q
C

University

Aalborg University was created with the
establishment of a number of new faculties in 1974.

Aalborg University is characterised by its education form of Problem Based
Learning (PBL) — also known was the Aalborg model. The number of students is
around 15,000.

L

nEb..E---E-
171 o



Wind

Turbines jxe

Institute of Energy Technology

Power
Station

Robotics

= = "
& Ny
B 0, Yot
b4

Transportation

= -. O'E-O-r' Pum P

o = b
e 1N

Energy Distribution — Energy

Keywords: Energy Production -

Consumption - Energy Control

\

/




MICROGRID RESEARCH PROGRAMME

C v

Programme Purpose
v
Microgrid Research | AC Microgrids .

Programme Areas .
DC Microgrids |

v
v

Vv

Microgrid Research programme: WWw.I

Modeling, Control &
Operation

Energy Storage
Protection

Power Quality
Standard-based ICT
EMS & Optimization
Multi-Agents
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Advanced Power Architectures for Intelligent Microgyrids

Concept of Microgrid  IEEE Std 1547.4

Demand side R\ .
Management Electric Vehicles

(DSM)

Renewable Energ;)(esources
! g pliances and

white goods

pc Household ap

(AEEERRS LX
K\Meter Data Management (MDM) -

C?mr_n unications for IEC61968-9 (meter reading and control)
= » w m Distributed Energy Resources j EN13757-5 (Radio mesh meter-bus) I
IEC 61850-7-420 EN13757-4 (wireless meter bus)

AMI Communications
RF Mesh / M-bus




General aspects of a MicroGrid: “Definition and Operation”

Hierarchical Control for MicroGrids

L3

f P/Q flow Contro/

Microgrids Concerns... Power Quality enfiancement

Tertiary f g - . HETEE
P control ‘ JsJanding capability and indepen

Energy cost saving and. high efficiency

L

Secondary Control

selfheal,
Primary Control System recovery under faults (selft /)

MicroGrid Research programme: WWw.Imicrog 12




Issues in MicroGrids: Power Quality

Problem: Harmonics in Microgrids

Possible solutions:

- One DG unit could give more harmonics than
another. (harmonic current sharing)

- Voltage Harmonic Reduction (Control strategies
for HC)

5 2005 Paul Ackerley, www.ackadia.com

Lood et During Votage So Problem: Unbalances in Microgrids
' Possible solutions:

- By means of sec. control, PCC voltage
unbalances can be compensated by control
signals to the primary level.

- Voltage Unbalance Compensation (Control
strategies)

Test and verification that the proposed solutions follow the European
power quality standards IEC 61727 and IEC 61000-3-6.

13



Issues in MicroGrids: Power Quality

How to Coordinate harmonic/unbalance compensation?

The Whac-a-mole effect

Primary control
Harmonic virtual
impedance

Secondary control
Harmonic/unbalance =50 |
coordination control IUP.-:0000S821

MicroGrid Research programme: 14




Issues in MicroGrids: Communications

Supervisory
Control
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Communication model provided by IEC 61850
& IEC 61400-25 to describe the physical
devices in the network model.

e Study meter-bus technology solutions to
integrate smart meters and data concentrators
according to EN13757.

eDevelop different levels of communications
architectures for residential AMI following
IEC61968-9 (interface standard for meter reading
and control).

eIntegrate smart meters and data concentrators in
different levels of wireless and meshed network
architectures, according to EN13757-5 (standard
for radio mesh meter-bus) and EN13757-4
(wireless meter-bus).

Timbus et Al. Management of DER Using Standarized Communications and modern Technologies
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Issues in MicroGrids: Protections

=unnn Ultra Fast communication link

e (second line of defense)
le inergy Reso

Electric Vehicles Rer;ewab

\
PV
SO\ , r
ﬂ g — " Household appliances and electronics
, e
1 X - = wt '
T = 1

IBS = pPower . A
g Electronics

Main ' ® ] Ti:w, .
g - Z, = - gz = | f i
Utility Grid = g Aiiﬂm

Flywheel

Compressed Air Systemw LOADS

[] source protection || Network Protection [l Bidirectional Protection
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Miieregrid Reseaich Laberatery

Every setup is able to emulate a multi-converter low-voltage
Microgrid, local and energy management control programmed
in dSPACE real-time control platforms. r




The laboratory is based on 6 Setups:

* 24 DC-AC converters

* 6 real-time control platforms
dSPACE

* L-C-L filters

e Change-over switches

* Smart-meters |

« Transformers for

i

: I Yty

Grid-connected applications E%dlg )
o

Addns 1amogd
\BUOTRBPIY DA

Ethernet
Communication

= DC Power Line

AC Power Line

Microgrid Research programme: 19




grie

dSPACE based setup Ethernet 1 for
| dSPACE compiling

Leg <G 2F
PC for 3 K
Local ____ LB || communicating L >
EMS - lEs with central EMS §,  lIfS S B
Linksys { )
wireless Ethernet
router " cable
N '
= \\ () (9,
8
Central
EMS

Microgrid Research programme: www.micre 20




Experimental test - DSPACE 1006

AC MG COURSE Distributed Secondary Control of an Islanded MicroGrid

Fall 2012 Tnverter 7+ Inverter 2  Load AALBORG UNIVERSITY
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LAB OVERVIEW MG Platform 1 ‘ MG Platform 2 | MG Platform 3 | MG Platform 4 | MG Platform 5 ‘ MG Platform 6 MG Platform 7

Islanded MG
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Local distribution ower flow
1 AR H 1' " to

~ Workstation
3-6

FCSITIT  ITTTTIY

Workstation 1

Workstation 2

Microgrid Research programme:
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Smart Metering in Smart Microgrids —

OMNISOFT
VisionAir
software for data |
management
and storage

X

OMNICON

Data concentrator
for communication

infrastructure
management

I S
MULTICAL' MULTICAL®
Smart Maters Smart |
for water meters |

for district
heating

. .

A Danish Scenario

OMNICON
Wireless
communication
1o In-house
displays

JMNICON
JiliKeepar®

or costeffective
ubstation
nanitaring

4\

OMNIA Smart Metering
System



System Overview - Microgrid Research Lab

» Kamstrup 351B: Industrial Smart Meter. Measures the total generating power (DG)
» Kamstrup 382L: Residential Smart Meter. Measures load consumtion (Home/Building)

kamstrup

Inverter 3 L 4 4 4 i Inverter 2
Regatron L
0-1000V,, ,80kW,80A

----- dSPACE 1006

e g
wyy ! Inverterl
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System Overview
Communication with Smart Meters

METERTOOL Kamstrup Software

r— T . ‘ —_—
| — é {9 METERTOOL - [Read Logger] ol@]®
l =T o File View Configuration Tools Window  About -8 X
B
Log Fiter
© Mewest 10 |54
From 0 hne 2014
g
‘. Actual pom Actul povier Actusl power Actusl power Aversge Aversge A Aversge
Lo iIC EK) = W) Q- fvar) 0-fver) Votage L1 Valtzge L2 VobegeL3()  Curert|
20 00 PM 215 214 209 137
2 1] 0381 213 213 208 1.3
& 110838 213 213 208 1.3
80 453 219 213 218 321
A A i) e 218 212 213 12
78 213 218 213 321
7 219 218 213 221
213 212 213 321
213 212 213 321
213 213 213 12
Meter Humber 17739734
Ready

COM 1200 Baud @ Communicating using opticeleye.

DLMS/COSEM over TCP/IP

7 DLMS/COSEM over
“ Serial Optical Port
( ))\ >

= IEC 62056-21
over Optical Port

M
& >
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Example: Voltage Quality Events Detection

260
Vprto%
»——x Voltage L1
» Three-phase voltages 240 ®———— Voltage L2
. . E 4 - - -4---4a Voltage L3
» 5 minutes resolution o ~ — — Voltage Limits
©
§ b ]
o 220
» +10% Voltage tolerance .
_____ 3 : - -
200 T &
14:50 15:00 15:10 15:20 15:30 15:40 15:50 16:00 16:10 16:20
Hour of Day [hh:mm]
RTC [RTC) = Voltage evert
> 2 Events detected: 5/5/20151:28:42PM |66 0 System L1,L2.L3: Power enabled - sbove cutoff threshold
. . A/AF20NR 31214 PM |68 0 System L3: Voltage below limits
» Under VOItage at 15:12:14 5/5/2015 341:51PM |63 91 System L3: Voltage within limits from minimum
» Voltage restoration at 15:41:51 |ssa0se1925em e 0 System L1.L2.L3: Power cut off

Microgrid Technology Research and D

http://www.meter.et.ac 21




Microgrid Technology
Research and Demonstration
2014 - 2017

Tsinghua University

AALBORG UNIVERSITY KamStrup

DENMARK

‘ _ s
A @ REARARENERARY

Ministry of Science and Technology of the People’s Republic of China

Energiteknologisk udvikiing og demonstration

Microgrid Research programme: www.microgrids.et.aau.dk



200kW Microgrid based on wind/PV,

//storage hybrid system

PVarray  fEFSss  Jarddy  JESidy — fEEEEE $@ fESdEy $Z$ O fEey 80 0 - - - - - - — - ——— == )
! ENERGY MANAGEMENT
| SYSTEM
PV inverter : Forecasting/DER
[e======cc== A Modelling Module
I e 0
i 3 : $
| 8 ) ] Database
L .:..:., 5-1 : Management System
! s % -
- | B\
.- ¥
: Substation Monitoring | _|
Battery inverter | | EC 61830./ ()
ags . | Meter-CIM)
Utility Grid ) w 50kW \ I > scheduling and
WT inverter ': -: | A Optimization Module
10kW : : T e
’ ’ Load :
] ]
--------------------------------------- o
n, a n a
— ACbhbus  «cc-- RS-485
W"-".d ——— DCbhus  ====-= Ethernet
Turbine Battery  cee- EN 13757-5
Microgrid Technology Research and D 29
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. PV power generation subsystem
PV array installed on the roof of
Shanghai ShenZhou New Energy B
= plant, installed capacity of 130 kVA,
. east-west array configuration, adopt
the fixed angle best installation.

Microgrid Technology Research and D
http://www.meter.et.c




Wind power generation subsystem
Total wind power installed capacity: 20kVA. (2 x 10 kW Wind Turbines)

((‘ ) Microgrid Technology Resec 31

K> http://www.
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Energy Storage System

50kVA Bi-Directional
Converter +
Lead-Acid battery

Energy Management System

RS R0 1

\

E
bl
=k

W RE ) (E R

SR LT

CANJ.2%/USB

EMS Control board
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Demand Response
Scheduling, EMS

Power Export/Import

w / V Restoration
Grid Synchronization

Time Period 1

Current, Voltage inner loops
Droop Control

Main goal
Integration of Smart Meters in the Control Hierarchy

Microgrid Technology Research and L

i)

http://www.meter.et



Intelligent DC Microgrid Living Lab

igE" | Demonstration of DC-home with

o Real DC appliances.

48 VDC Air Conditioner
12 VDC Led Lights

9. 12 VDC Ceiling Fan

10. 12 VDC Projector

11. 12 VDC Mobile Charger
12.12 VDC Laptop

13. Router Wifi

14. DVD Player

15. TV

16. Standing Led Light

17. 230 AC Power Plugs
18. 48 VDC PV Panels

19. 380 VDC EV Charger
20. 48 VDC Li-ion Batteries
21. Electric Vehicle

PANIL N b

http://www.idclab.e 34




Intelligent DC Microgrid Living Lab

Heating
jCHP System — 230 VAC
DC Home Laboratory Microgrid | T =L__ " — Bus 380 VDC
Power Architecture °™ Laboratories | 4 41 T N — Bus48VDC
BN Heat Radiators == Bus 24 VDC
o Storage — Bus 12 VDC
== Heat Circuit
Whisper WT
1 . - b
r %} _____ oo, [HES
| loads L — — _ - - -4 T 230 VAC
| Loads
| Battenes EMS -ﬁﬁ—
| t 24 VDC :
I__ﬁj%l = I oods r?é‘??fﬁiia Batteries .).’- |
- o
12 VDC ° 2] Maighee |1
~ | Loads E‘ a_ar P S W‘*t“";_‘?”
B mart Home
- -ﬂ Devices
http://www.idclab.et.aa 35




DFF project 2014-2016

Future Residential LVDC
Power Distribution Architectures

International ranked research institutions And the Danish Companies

\m ot |R Eﬁgyﬁ' I)II(I kk-electronic a/sl

Vgl o, | e

http://www.residentialvdc.et.c
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Future Residential LVDC
Power Distribution Architectures

/- -] |
Renewable Energy Park AC g\” |

EV
Charging
Station

machine

Electric Vehicles Flywheels

E : Air J 2l :

Communication network

E!ctro!yzer Fuef ceH

de I Supercaps Batteries
N H\\ / / H,
Ceiling fan led Hydrogen
SE“I" tank

Lighting

Hybrid Energy Storage Systems
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Future Residential LVDC
Power Distribution Architectures

i

s -

Washing machine

Lighting & air fan

]

~ Al of the electric appliances
work by 380 VDC!

1380 VDC socket-outlets
provided by NTT-F

((( p http://www.residentialvd 38
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CPES: Hybrid AC-DC NanoGrid System

0
7

S

Minimized System for Validation

SOLAR

Minimized REN system (ECC, PV, Bat, Load) J

WIND ENERGY
TURBINE

STORAGE

aw

ARRAY

PLUG-IN
HYBRID

Model 63203, 63204 shown.

Model 63203, 63204 shown.

2 X 5.2kKW Electronic Load

= Generation
» Solar, Wind:;

» FC, Generator:;

}"..

= Energy storage
Batteries:

CA, Flywheel;

>
}

http://www.residentialvd
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CPES: Hybrid AC-DC NanoGrid System

Testbed for Future Home

NOTICE |




ERANET project 2014-2016

Flexible electric vehicle charging
infrastructure Flex —ChEV

(¢

AALBORG UNIVERSITY HOGSKOLEN
DENMARK I NARVIK

http://www.flexchev.et.aa
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Flexible electric vehicle charging
infrastructure Flex —ChEV

42




Flexible electric vehicle charging

* Control design of IM based
flywheel for grid ancillary
services

e 2.2 kW expiremental test-bed
has been built

* Fully modular control strategy
based on distributed bus

signalling -> scalable to units of | A8
different size |

infrastructure Flex —ChEV

‘N= LB

. YR
(i«.s.

W Flywheel |
|

I e

m
A

A% | DCload
i
|

43



State-of-the-art of SPS

» The electric propulsion solutions applied for some of the main vessel types.
» Based on the difference requirement of the ship mission.

Cruise vessel with power and Drillship with power and Offshore support/construction vessels LNG Carrier with power &
propulsion overview. propulsion overview. with power and propulsion overview. propulsion overview.

: WWW.Imicr




State-of-the-art of SPS

Ship

[ ol PHIPN) PPN | nAWf\lﬁ CisrtAarna Av~rlhitAaAriivan

=

Ship

Service Service
Loads Loads
Segregate electric plant architecture. Hybrid  electric  propulsion  system

architecture.

The propulsion and power generation

separated.

Propulsion is provided at low speed by
electric motor. At higher speed provided
by the prime movers propulsion power.

Microgrid Research programme:

Hybrid electric propulsion system with
energy storage architecture.

The energy storage allows for more optimal
operation of the prime movers for reduced
emissions and fuel consumption




Integrated Power System (AC)

Switchboard

|
Game changer: I ~
Growing demand of electricity Prime Service
&I Mover Loads

Integrated Power System (DC)

i rvi
Prime G Service

=~ Loads

4
7\

) — e === Electric
Switchboard I Prime = I — % Propulsion
Mover G T
Prime Service I / IS
Loy Loads I Electric Propulsion I Game changer: Energy storage
Shaft Generator Shaft Generator

Prime Reduction . I I\Ijlrime Rédu%tion —l— Propulsion I Prime Reduction Propulsi
Mover and Gearbox Propulsion over earbox | [Mover Gearbox ropulsion

. Service 5553
Conventional Ship # Switchboard _@_’ Loads * =/ [ _
l
l

i R i —
I\F;Ircl)r\T/]:r (gg:rcbt:)?(n l_ Propulsion I Ny Service
I | =~ Loads
Shaft Generation (Parallel) Hybrid Propulsion Solution
Solution

Microgrid Research programme:




State-of-the-art of SPS

Listen to the industry and look at the trend (DNV-GL: IN FOCUS- The future is hybrid) :

HOW TO OBTAIN OPTIMAL LOAD, REDUCED Cumulative total cost compared to baseline
BNV:GL TRANSIENTS AND REGENERATIVE BRAKING
Battery discharges when power demand
is greater than the Diesel engine output: 2
04 8
0
0
]
0 a
£
>
MARITIME 0 3
IN FOCUS -THE
FUTURE IS HYBRID ¢ p Diesel engine
- a guide to use of batteries in shipping 0 = owerdeman
0 100 200 | 300 | 400 500 00 700
Time/s Investment costs and operational costs in a life cycle

_ perspective. The analysis illustrates payback time
Battery charges when power demand is less and the value of the investment over the lifetime of
than the Diesel engine output: the ship for relevant options.

SAFER, SMARTER, GREENER

Microgrid Research programme: www.Imicrog
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State-of-the-art of SPS

-'

Terrestrial Microgrids V.S. Shipboard Microgrids:

Terrestrial Microgrids

Intermittent Renewables Regular Loads Control of Energy Storage Systems
—_1
, I XS D
Intermittency S =
Compensation jz;)_? s
Generator Set #1
o v e e Mismatchin ¢ ;
. . . ey Point
Shipboard Microgrids Generation & y :G;D_ 4& _
Economical Generation Dynamic Loads Consumption AN Qtsi'k;?li
Generator Set #2 oads

3 Genset online
Fuel m Air
2 Genset online Fuel cell Stack
Instant Power
WWW _—
Support >

1 Genset online
L C Bank /




State-of-the-art of SPS

Fully electric ship with AC and DC grid

Source: Vacon Power / Danfoss

Microgrid Research programme: www.Imicrog




A Comparative Study of MG and SPS

Terrestrial Microgrids:

A terrestrial MG can be defined as a cluster of local

Microgrid loads

renewable energy sources, energy storage systems and B
. oy . oy . «——»  Power flow
various critical or non-critical electrical loads bound |
with local power distribution network, which may be Fmr ___________ SN = - -
isolated (standalone) or connected (grid-tied) with the  [uigner controriover: T T Tomeome] |
ili 1 1 1 1 1 « Calculation of VRs Y>> m (.\“ g /L oY
utility grid and/or other microgrids as a single entity. | Qo gmpg doc] !a,
g

h \Od

control level

The concept itself may have a great chance to become

the foundation of future terrestrial distribution system Q'
. . . . . PVarr Small wind turbine i
due to its inherent convenience to integrate several AN & generator Setrercbun Fywheel |

different means of generation and higher efficiency. el L

Microgrid Research programme:
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Defining Shipboard Microgrids:
Recommended by IEEE STD 1709-2010 [8], a DC shipboard MG is
composed by gensets, centralized or hybridized ESSs, alternative power =

sources (APSs) [e.g. fuel cell and PV array], electric propulsion system
and ship-service loads.

5

/. Propulsion
Loads

®

Generator Set #1

Port-side microgrid #1 Port-side microgrid #2
m E Fg L@; E m I_/_@_ Ff Generator Set #2 . &Lss;\élsg
L [\ = E @ [\ Fuel 4®I|Ail S
:—\: L m :} i Fuel cell Stack =
N — -
=] _
8 s T 8 N~
@ § < I ? % EDLC Bank —
Single-Line Diagram of a
Starboard microgrid Starboard microgrid sectionalized microgrid
#1 #2

Microgrid Research programme:
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A Comparative Study of MG and SPS

Terrestrial Microgrids V.S. Shipboard Microgrids:

Application Terrestrial Microgrids Shipboard Microgrids

Generation Mainly Renewables (Intermittent Mainly Diesel Gensets
Source)
Storage Battery, EDLC and Flywheel Mainly battery; EDLC as option.
Loads Stable or regularly changed loads Dynamic non-linear propulsion loads
Control Three-layer hierarchical control. Excitation control and inherent droop
effect.
Optimization Real-time and offline methods Pre-designed curves.

Microgrid Research programme:




A Comparative Study of MG and SPS

Terrestrial Microgrids V.S. Shipboard Microgrids:

Terrestrial Microgrids

Intermittent Renewables Regular Loads Control of Energy Storage Systems
. PRy >
Intermittency F—
Compensation : : ? .
Generator Set #1
o 5 10 15 20 0 5 10 15 20 MismatCh in K .
. . . ey Point
Shipboard Microgrids :
Economical GeneF:'ation D gnamic Loads Generation & I ittt
. Consumption st i s
3 Genset online —
Fuel MAin __
2 Genset online Fuel cell Stack —
J\A/\/\/W Instant Power —
Support L N\= >
1 Genset online —_
L C Bank — /

Microgrid Research programme:




Distribution Level
(To be performed)

Voltage Restoration Level
Nominal Voltage Restoration Function
QoS Management

1 #V (ov)

Optimization Level
Fuel Consumption Optimization Function
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State-of-the-art of SPS

Real-time Simulation Results:
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Poland — Denmark Cooperation PhD Project 2017

Unbalance and Harmonic Analysis in Shipboard Microgrids
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PQ Standards in

TABLE I. CLASSIFICATION OF SOCIETY RULES AND STANDARDS

Instrument and parameters Variations

Standards Voltage Frequency THD
transient transient
ABS (2016)
DNV (2016)
IEEE Std.1662- +20°
+20%.1.5s +10%, 55 8%(50th)

2016 (2016)
IEC Std.61557-
12 (2007)
PRS(2016)

STANAG1008
(48 4.9 +16%, 25 +4%, 25 5%(40th)

* for the naval ship

However, few maritime standards clarified the detailed requirement for the power system onboard except PRS, it is
requires that the grid voltage unbalance factor should not be higher than 3% for any electric power system in ships.
For the naval ship, only lower than 2% unbalances are permitted for the continuous grid voltage conditions.

Microgrid Research programme:




Horizon l|




o N—
%
o %—

iConsumers! \>
i..3x400V i
| Power
| | conveter
| T | with filter
TR#1 TR#2 | B I
G1 G2 G3 400/230V  400/230V | |
376kVA | 376KkVA| 376kVA 20kVA 20kVA I |
G1 G2 G3 L
3~ 3~ 3~ BP I -~ I
MS#1 MS#2 3~ | TL=A
3x230V/50Hz _ 3x230V/50Hz
° PS Py @ BP ™
® ® ) - 10kW M "\ 125kwW
® [ J o 3~
° ° | LLYYVY. LYY JVY. )
iConsumers iConsumers
c C2 0 aeoow  b.3xesov i i 3xesov —

357kW  357kW 357kw

Fig .1 The industrial AC MMGs based on Horizon Il ship

Microgrid Research programme:




410

ge (V)

AC

o
28y 2

&0

Ballast pump current (A)

Case A

SPS werking under nermal grid

<
w
8

Va Vb Ve

200

Ig_a
T —Ilg_b
- 51 - = 400 4 —lgc
z g
ey 3
g 50 5 >0
z B
£ 49 £ 200
w
48 lm T T
50 100 150 200 o 50 100 150 200 0 50 100 150 200
Time (s) Time (s) Time (s)
(a) AC bus voltage (b) grid frequency (e) generator current
: 350 4 —P(kw)
—lp_a p_b ——lp_c Alw —Ip_a 300 - — (kvar)
120 - —ip.b _ ——5 (kvA)
Elw - ——lp_c g 250
2 200 -
S804 4 pump 3
E 60 'purrflp working g 150 -
= pump cut-off & 100
E 40 - start / P ]
3 20 - ¥ 30 1
-]
1 ’ ol
50 52 54 56 58 60 o 50 100 150
0 1A%, 1% 200 A Time (s)
(c) pump current (d) pump behavior (g) generator power

Microgrid Research programme:

WWW.IIcra

conditions

200 -
—- —It_a
= —It b
£ 150 -
E
2
2
£
S0 -
g
[-+]
0
0 50 100 150 200
Time (s)
(f) bow thruster current
140 - —P(kw)
120 4 ——Q(kvar)
31 s{M}:_—:.F:L::
=
5 80
o
£ a0 - f '.
(-]
20 -
U -
o 50 100 150 200
Time (s)

(h) bow thruster power




=

a9

™ o
(D
(oo

r unbalanced grid

410 4

500
405 - Vva ——Vb Ve i: | 600 1 lg_a 450 positive sequence
400 - .g 1‘4 ] 3503 | —lg b _ 00 negative sequence
=395 ) s . £ ——lgc Sas0 -
& - b 1.2 - g 400 - E
=300 - . g £ g 300
g 385 - ! A}-ﬂ 3 0.8 © 300 s 250 -
2380 - r_ = 015 g E 200
- 50 ]
o 375 B 2200 150
<370 - 504 3 e
0.2 — 100 100 -
365 - 50 —I,—,,_,—-»-L_
300 ’ 0 S0 100 150 200 250 300 o ) ' ) ' : ’ o ' T L ' ' '
0 50 100150200 250 300 Time (s) 0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time (s) Time (s)
a) AC bus voltage unbalanced factor . .
(@ g (b) (e) generator current (el) positive/negative current
140 140 -
—Iip_a —ipa %0 180
g 120 —ip_b 3 120 o_b z —ita o 160 | —Positive sequence
E 100 ——lp_c 'E' 100 - Ip_l: ‘;E"Im | —nrb = 14p . ——Megative sequence
- . H
3 80 g s £ It c g 120
& a pump 5 150 5 o
E w0 E 60 working = =
= o pump / . H 100 a0
E 40 E 40 - start / pump cut-o E &0
a8 20 8 20 - Z so | g 40
1 @ LTy l
] T 0 . §
0 50 100 150 200 250 300 183 185 187 189 191 193 o T ' o- T ' '
0 S0 100 150 200 250 300 0O 50 100 150 200 250 300
Time (s) Time (s)
Time (s) Time (s)
(¢) pump current (d) pump behavior (f) bow thruster current (f1) positive/negative current

WWW.IIcra




Comparison:
Balanced SPS Slightly Unbalance SPS (UF=1.5%)

AANAANAAAAANAAN

Microgrid Research programme: www.Imicrog



Power Quality Issues in Maritime Microgrids

Harmonic mitigation solutions

While variable speed drives help optimize production, save energy and extend equipment lifetime, they
also introduce harmonic currents to the on-board grid. Many applications in the industry require a low
level of harmonic distortion. Regulations have been imposed by marine certification bodies which state
that harmonics must be kept to 5% or 8% of the total harmonic voltage distortion (THDv) on the main
bus bar.

Danfoss Drives’ wide range of mitigation solutions which can help restore weak networks, increase
network capacity, meet compact retrofit demands or secure sensitive environments includes:

« VLT® Advanced Active Filter AAF 006
« VLT® Advanced Harmonic Filter AHF 005/AHF 010
« VACON® NXP AFE

Microgrid Research programme: 63




HyELEF project 2017

Hybrid Electrical Ferry including Batteries

SOIC
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Ferry in Kaohsiung
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EFFICIENSEA project 2014-2018

Off-shore Application of the
Flywheel Energy Storage System
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Phase ll: Optimal Operation Management
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Cold Ironing

—

*  Change grid frequency from 50Hz to 60Hz and synchronize with ships grid.

* Reduced local emissions, noise and vibrations

* Increased lifetime for ships engines

* Allow maintenance on the ships engines during the harbour stay

* Bi-directional: Generator load test power can be fed back to the shore grid — complying to local grid
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- _(— -
§ N ,Q /’_
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- - 1 ] switchboard Connection switchboard
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’ ------- 1 _,% Distributed cold ironing
; -. ' Ls2 configuration
8 grid E
MMM |
1 v L :
* Used one frequency converter as a * Directly extend the system by replicates the
central and double busbar to allowed the complete regime of each berth with
ship berthing either 50Hz or 60Hz. frequency converter and transformer.

* Excellent flexibility and redundancy
* High costing
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Cold Ironing

DC distribution configuration

U"tiiil?tr;(\i’lr?cliarﬁeer Qutput inverter
o-{15KV) ~ oc Z @ b * By extending of two previous configuration
o codioning e on with introducing DC bus.
rectifier
— e Easier to integrate with any energy storage
Z (QH o ' g y gy g
S0/60Hz device
= @ }cjfrl*‘;‘,.iis * Able to use in small quay area
Lo W)

L—0—
N @ l E. A. Sciberras, B. Zahawi, D. J. Atkinson, A. Juando, and A. Sarasquete,

“Cold ironing and onshore generation for airborne emission reductions in
ports,” Proc. Inst. Mech. Eng. Part M J. Eng. Marit. Environ., vol. 230, no. 1,
p. 1475090214532451, 2014.
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Industrial/PhD course on

AC Microgrids
in Theory and Practice
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Industrial/Ph.D. Course in
DC Microgrids
- in Theory and Practice
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Power Quality in
MicroGrids

- in theory and practice
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Industrial/Ph.D. Course in
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www.microgrids.et.aau.dk

INTRODUCTION TO THE RESEARCH PROGRAMME IN MICROGRIDS

A MicroGrid is an electrical distribution network consisted of distributed generators, local loads, and energy
storage systems that can operate in grid-connected or islanded modes. Different technologies are combined
together, such us power converters, control, communications, optimization, and so on. This way the energy can
be generated and stored near to the consumption points, improving the stability and reducing the losses produced

Keep updated with our -~
Microgrid research
activities and projects

%

Utility Grid

The MicroGrid research programme areas include AC and DC MicroGrids control
and management, centralized and distributed control architectures, power quality
and protections, multi agent systems, standard-based information and
communication technologies, online optimization techniques and energy
management systems. All of the foregoing can also be conceived within a problem
based leaming (PBL) education for Postgraduates, PhD students and industrial
partners.

AAU Microgrid group in

Linked [}

The MicroGrid research programme is connected to other multidisciplinary
programmes of the Energy Technology and the Electronic Systems departments at Aalborg University. The
programme also promotes national and intemational cooperation with universities, institutions and companies
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Forinformation or cooperation
Contact us: joz@et.aau.dk




