Research Challenges in

Microgrid Technologies

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



o U Microgrid Research Programme and Laboratories
( U Microgrid Research Activities

O Microgrid Projects

Microgrid Research programme:




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 Project (PBL) — also
known as the Aalborg model. The number of students is around 15,000.
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MULTI-DISCIPLINARY RESEARCH PROGRAMMES

WIND POWER SYSTEMS

FLUID POWER IN WIND AND WAVE ENERGY

OFFSHORE ENERGY SYSTEMS

BIOMASS

PHOTOVOLTAIC SYSTEMS

MODERN POWER TRANSMISSION SYSTEMS

INTELLIGENT ENERGY SYSTEMS AND ACTIVE NETWORKS

- - -
Energy Technology
cuccraoc secrmen f ) wecuataonic
—
POWER SYSTEMS SYSTEMS MACHINES SYSTEMS

THERMAL
ENERGY
SYSTEMS

MICROGRIDS

e Approximately 250 students
* Approximately 100 PhD students

[ ) Approximately 40 faculty members DEPARTMENT ORGANISATION IN 7 SECTIONS AND 13 RESEARCH PROGRAMMES

FUEL CELL AND BATTERY SYSTEMS

E-MOBILITY AND INDUSTRIAL DRIVES

EFFICIENT AND RELIABLE POWER ELECTRONICS

THERMOELECTRICS

GREEN BUILDINGS

* Approximately 20 TAPs (technical administrative employees)
* Approximately 50% of the turnover comes from external projects

MicroGrid Research programme:
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Institute of Energy Technolegy

Power ;
Robotics
Station ‘ Transportation
Wind ii ’

Turbines s

\
Keywords: Energy Production —
Energy Distribution — Energy
Consumption — Energy Control
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Programme Purpose

Microgrid Research | AC MicroGrids

Programme Areas
DC MicroGrids

Started in 2011

The MGTeam has published more than
80 articles (mainly IEEE journals and
conferences) in 2014 and about 65
articles during the first half of 2015.

Microgrid Research programme:
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MICROGRID RESEARCH PROGRAMME

Modeling

Control & Operation
Energy Storage
Protection

Power Quality
Standard-based ICT
Networked Control
EMS & Optimization
Multi-Agents



Renewable Energy Resources
Electric Vehicles{ A

Malin Smartmeters =«
Utility Grid

]

Grid connected Islanded Air System
_mode \_mode
J




General aspects of a MicroGrid: “Definition and Operation”

15 P/Q flow Control

-

/ Microgrids Concerns... Power Quality enhancement

Tertiary [slanding .»:apab;/fty and independence
Control -

Secondary Control Energy cost saving awd hfg/) efficiency

" ifheal
Primary Control System recovery under fau/ts (selfheal)

MicroGrid Research programme: [ 8



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

i . 20.05 Pa.ul .P.cl;eﬂev, www.aclcadla.ou;-n for H C)

Lo Cuens D Volage S Problem: Unbalances in Microgrids
' Possible solutions:
- By means of sec. control, PCC voltage
unbalances can be compensated by control
; _ signals to the primary level.
a0 - VOltage Unbalance Compensation (Control

17 o fioe ood  aio

== strategies)

L ooe

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

MicroGrid Research programme:




How to Coordinate harmonic/unbalance compensation?
The Whac-a-mole effect

Primary control
Harmonic virtual
impedance

Secondary control
Harmonic/unbalance
coordination control

MicroGrid Research programm 10
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Supervisory
Control

IEC 61850 . s
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of neighbour

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

=unns Ultra Fast communication link
(second line of defense)

— — — — — — — — — — — —
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Shifting the energy paradigm

Smart Grid Strategy

Danish Ministry of Climate, Energy and Building - -
| : May 2013
50% Model for %

Energy = consumers hourly sl
Sector remotely settle and

read hourly variable "

meters tariffs
2013 2014 2015 2016 2017 2018 2019 2020

; Traditional consumer
= Active
f‘f =  Only loads - fixed by the consumer =  Shiftable loads/generation
=  No storage = Storage systems/EV

=  Electricity/thermal energy not coupled .
=  Manual management
=  Load-dependent power quality

EMS take care of global energy objectives

Power quality system control

Bidirectional power flow according to energy hourly
pricing, etc.
Considers both local-residential and global-

=  Unidirectional power flow

.

=  Considers only local residential energy

A4 A0 wpy p
e
e,

neighborhood energy requirements 13

2, &)
o *
#6 yuive


http://energinet.dk/SiteCollectionDocuments/Engelske%20dokumenter/Forskning/Smart%20Grid%20Strategy.pdf%23page=23

MICROGRID RESEARCH PROGRAMME
5 Years Road Map

v'Microgrids and minigrids in emergent countries and rural areas
v'AC and DC grids for ships and aircrafts v'DC microgrids and DC homes

v'AC/DC microgrids protections v'AMI for AC/DC microgrids
O v'MV microgrids and Hybrid ESS

Demand Side
Management

] able Ener gf(esources
Electric Vehicles Renew e

pliances and

hold ap
DC House white go ods

f\,-.

T
Meter —

Diesel “\<
Generator
Communications for IEC61968-9 (meter reading and control) AMI Communications
= = ww Distributed Energy Resources .\ EN13757-5 (Radio mesh meter-bus) S

IEC 61850-7-420 EN13757-4 (wireless meter bus) RF Mesh / M-bus



PhD student

MICROGRID RESEARCH TEAM _
Dan Wu Yajuan Guan
Programme Coordinators ey Pl‘lmary '«. Ancillary

1trol serv1ces for MGs







Every setup is able to emulate a multi-converter low-voltage
Mlcrogrld local and energy management control programmed




The laboratory is based on 6 Setups :

24 DC-AC converters

e 6 real-time control platforms S T
dSPACE

 L-C-Lfilters

- » Change-over switches

Smart-meters

\GANs 1204
\DUOIIBIRG DA

* . Transformers for ylff" & g ;
Grid-connected applications ‘,{Aqg LR EE

% Gﬂ |

<SS

Ethernet
Communication

= DC Power Line

AC Power Line

Microgrid Research programme: 18




dSPACE based setup Ethernet 1 for
| dSPACE compiling

“fd
PC for
Local ____ J >l " communicating
EMS S SS | with central EMS .
Linksys
wireless Ethernet
router cable

pL
Central
EMS

Microgrid Research programme: WWw.Imicre 19



Real-time control
and monitoring
platform through
Control-Desk

e

Electrical schemes
from Matlab
simpowersystem
library are directly
compiled into C
code and
downloaded to
the dSPACE

AC MG COURSE Distributed Secondary Control of an Islanded MicroGrid
Fall 2012 Tnverter 7+ Inverter 2  Load AALBORG UNIVERSITY
Active Power Control Reactive Power Control l- Start Synch. | Stop Synch. ISystem Measurements
: . 11 RMS (4) || va
0.00080 | 0.00080 0.1600 | 0.1600 Synchronization Process \;;gg Iw‘,” 1 RIS (A) E‘-IC“.%I}B
m1 ni . :
| L HIE . verms | 12Rus ) | Frea. o
0 00006 0001 00015 | 0 005 04 045 02 5 ol E : 32357 32367 4857
m2 n2 5 c 1
T e T T L |l Inverter 1
[ 0.0005 0.001 0.0015 [] 0.05 0.4 0.45 0.2 ;-3 0l £ |n| Start Stop RET TR
2 & ] )
= ] .00 0.01 0.0z 0.03 0.04 0.05 | Inverter 2
‘ | Start | Stop Bl
Frequency Restoration for both DGs | Amplitude Restoration for both DGs - #
DDDEEFA F1 235
_DELTAF2 | 230
“yuu
DELTA E1 225
= o 0 2 4 6 8 10 12 14 16 18 20 ;.)EEEFAEZ = = 0 2 4 6 B w1z 14 16 18 20 Voltage and Frequency Deviations
Active power for both DGs | Reactive power for both DGs Eld E—
T I I I T IPTIRI B R I R I R I IR 10 ] 0 5 10 10 ] 0 5 l -10
F1 F2
DeltaP (VAr)
....................... o ) 100 49”‘5?.&5 49”'5?.['5
'—'35 : : : : : : :
sod [t SO UOT SOUTONIY : —
Dettaq (VAN —_— | Distributed Secondary Control
.................. o P O S ST S N SO SO
0sc

o o

- : : : : -
m 0 % 4 8 & 10 1z 4 16 15 2 " 2 ¢4 8 &8 M 12 14 8 18 2
icati Select
Secondary Control Secondary Cc_mtrol Second_ary Control Communication |PPE Mhveephgpi - ManData El tngger
(Frequency) (Voltage Amplitude) (Reactive Power) Delay ’5—| . signal
Start ettings...
0.00050 | 2.0000 0.00050 | 1.0000 0.1500 0.000 e I e s
E KiQ Del o
*.— *.— _ ﬂ I Auto Repeat Qownsamphngl 5= ~ VR2
[ 0.0002 0.0004 o 0.0002 0.0004 ms 0 _0.2 m—“ —Trigger Signg————————
Kif KiE : : I~ O/t E3
" VgR
T — 1 Lgvell 1] Delay I 1]
0 0.5 1 15 2 0 02 04 05 038 1
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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

007 Unba

System
Status

Protection

Islanded MG
lance Comp.

Unbalanced
Load17

(==

=]

1 i A A
i B OF 0

j} T L] =
i |

Inverter 1% Inverter 2% Inverter 3

Voltage Unbalance Information
VpceNd_chart VpceNd |-1.01 |V VpccNg_chart VpeeNg (052 |V
5 5T
§ 2.5+ § 2.5+
£ o £ o
E e E
< 25 = LA
R N R N E RN ERE i i i i i oo
04:13:20 07:59:5 04:13:20 07:59
Time Time
VUFpcc
VUF_chart 0.25| % Vpce chart Vpce (223.04 | Vrms
1+ 400-
g 0757 g 207
£ 05- 2 o
3 3
< 0.25 =
O i ' e
04:12:07 07:58: 04:10:53 07:57
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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 e S\ o MicroGrd? |
research activities
“and projects

AAU Microgrid
group in

Linked [}

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 informatien 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

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 international cooperation with universities, institutions and companies

23




U Microgrid Research Programme and Laboratories

U Microgrid Research Activities

U Microgrid Projects

MicroGrid Research programme:
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DISTRIBUTED ACTIVE
SYNCHRONIZATION FOR
MICROGRID UNDER
UNBALANCE AND HARMONIC
DISTORTIONS

=

rurrent/Voltage

Unintentional
islanding

STS = OFF ISLANDED
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i Voltage Source 5

Black start

Distributed Resources (DRs)
A

_,_._b__i_g_t.ac_._._t_._._(ba.)_._._._._._._._.:\_._.q,_
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e

Controlled I

A M Y T toads_ i
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- » Communication
flow

«——» Power flow

DC Microgrids |
Operation and coprtiontint gl e T

Higher contr'o.' level:

Con tr OI * Calculation of VRs

* Supervisory control
(Intelligent coodination)

* Remote telecom application N
 Coupled renewable systems N’
« DC powered homes

* Fast HEV charging stations

Small wind turbine Battery bank
& generator

Distributed generation

Configuration , o

MPPT - 9

; or : , - a

to primary > Chatrgei > Ef;- __y Current d_| WM Ddoc voclg
contro

control e loop generator /’,o E

' E

V'i';“ E“ > Voltage S

+F T oo

4

il Basic control
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Tens of Demonstration Microgrids

Constructed
» Voltage Levels 380V; 10kV
» Installed Capacity 1MW;
IMW -5 MW;
5 MW =50 MW;




10 islanded microgrid demonstrations
20 grid-connected microgrid demonstrations
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L
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Micro-Grid Technology
Research and Demonstration

i Josep Guerrero, AAU.
' — Mehdi Savaghebi, AAU
( = & Kai SUN, Tsinghua U.

AALBORG UNIVERSITY KamStl'Up 7 Tsinghua University

DENMARK 'n.. T

o5

_ -
"M 6 FEARXNENEHAS

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

B IHRER R BIR A E]
ShangHai Solar Energy Science & Technology Co.Lid

Energiteknologisk udvikiing og demonstration

MicroGrid Research programme: www.microgrids.et.aau.dk
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 wind/PV/sterage hybrid system

PVarray  JfEEsss  Jarddy  JEdddy — fEEEEE $@ SRSy $Z$ fEedy 80 0 - - - - - - — - —— ===
! ENERGY MANAGEMENT
| SYSTEM
PV inverter : Forecasting/DER
........... A Modelling Module
9 H
S . |
3 g ' Database
,.:1 ~ : Management System
g T I
§ 2
| , . 3
Smart ;:‘ o | St Substation Monitoring !
. - Gatewa
Meter Battery inverter tec 150/ ]
eter-C)
Uti.ﬁty Gﬁd R w SOkW e i 4= smeduﬂng and
WT inverter ': -: ': A Optimization Module
10kW : : I IR m—————se=======
(] ' 0 '
: ----- '- - . . . . - . .- -' ----------------------- ‘.
V) i Ny i
— ACbus  «c--- RS-485
W’b".d ——— DChus  ====-= Ethernet
Turbine EN 13757-5

Battery

Microgrid Technology Research and De

http://www.meter.et.c
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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.

Satellite vertical view of Plant B
East-west span of Roof is 105
_ : meters, and the north-south
HEET . span is 98 meters, with a roof

' area of about 10,000 square
meters.

http://www.meter.e .



200kW Microgrid based en wind/PV/storage hybrid system

“2 e 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.




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

Microgrid Technology Resec

34



50kVA Bi-Directional Converter +
Lead-Acid-battery

peration modes:
Constant current
2. Constant power mode

5

l"""'ESS is lead-acid battery, using

500 2V160AH lead-acid batteries 500V/320AH
battery group: 2 parallel of 250 series

Discharge depth is 65%

@50 kW inverter work about 2 hours @full capacity

Microgrid Technology Research and Demorn

http://www.meter.et.aa
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Energy Management System(EMS)

AR F T 0%

X £ . EICIIE = R B .
i X X ; TITTTEe
& it im S |
a

SENRE G E R

¥ - RAL B R R HE Ef

r CANJ. 28 /USB
Energy management system EMS Control board
A
EMS
| =
| | l | l |
KB HSEisystem Ll Bl iy MBI ogger BT ;o Levell
System diagram control Main interface Data query Warning o Help
I | l =
| l | l | l | |
et Gl P Stk A% Pt it Hefick > Level2
Battery control Load control VWr;m;‘.:th;llne PV control Report daily Report monthly Logger Operation record
The structure of EMS software
Microgrid Technology Research and L a6

http://www.mete
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MULTICAL
Smart Meters
for watar
A

ML gy
OMNISOFT
VisionAir
software for data §
managemant
and storage

MULTICAL®

Smart
meters
for district
heating

The Omnia Project

Sednigly

OMMNICON

Data concentrator
for communication
infrastructure
managemant

COMMIPOWER

Smart meters

for electricity s
OMNICON
Wirglass

y; communication

ta in-house
displays

OMNICOM
UniliKeeper®

for costeffective
substation
ranitaring




COSEM
GPRS/3G/Ethernet
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DSF Sino-Danish project 2014-2017

b Intelligent DC Microgrid Living Lab
" i-DClab

The
Danish Council for
Strategic Research

AALBORG UNIVERSITY
DENMARK

http://www.idclab.et 39



> Phase I: Design, modelling and control.

» Phase Il: Coordination control schemes between microgrid elements, including
communication systems and energy management systems for DC microgrids.

» Phase lll: Creation of two Living Labs as a user-centred research concept, to test
innovation systems and elements that can conform a DC microgrid for different

applications.

(Home DC Microgrid Living Lab, at AAU
to research and test DC distribution for
1-2 family houses

o Tk #ETt Industrial DC Microgrid Living
Lab,

At North China Electrical Power University (China),

for research, demo and test of energy solutions

for commercial buildings.

Intelligent DC Microgrid Living Lab

Wulian
Magneti Wireless Smart Blinds

door Sensor _
-

[ A
ur'\ IEEES02.15.4
~ ZigBee®
b
Energy
Management
System

Wireless Curtain
Controller Q ®

ommunication
Ml Link Access

P

,'
— - n n
-
Wireless dimmer | ()
switch Q \

EL

Wireless Smart Lock Display Panel

Wulian Wireless
Smart Removable
Socket

8 User interface
Waulian smart
S home software
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Intelligent DC Microgrid Living Lab

DC SIDE

igEm™  Demonstration of DC-home with

24 VDC Smoke Extractor R I DC I $

ea 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 VDL 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

Pl - R
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Heating

MCHP System = 230 VAC
DC Home Laboratory Microgrid | BdTEL__ " — Bus 380 VDC
Power Architecture °" Laboratories | P L R — Bus48VDhC
g, Heat  pgdigtors == Bus 24 VDC
B Storage
— Bus 12 VDC
== Heat Circuit

|
! Whisper WT

l_ j = -
= I . —
'— @E 18V chivger 'Whisoer wT ey I
| loads | — _ _ J T 230 VAC
|
|
|

- Loads
Battenes EMS I:—lﬁ -ﬂﬁ whir
- | 24 VDC . :
H % E LOG’dS Wireless a Batteries -*' ’ — ;;-. |

Gateway
IEEE802.15.4 [ 1l
) .15, [
12 VDC o ZigBee |
Loads a_a[ ™ _ Wulian
E. g \ Smart Home
L Devices

42




DFF project 2014-2016

‘ Future Residential LVDC
Power Distribution Architectures

International ranked research institutions And the Danish Companies

@'NE“_ | lR jﬁﬁk%‘ BI_IEI kk-electronic a/s|
13 VirginiaTech| amesp

NEOGRID

TECHNOLOGIES

/
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Future Residential LVDC
Power Distribution Architectures

Ching:Telecom
2A0 380 VTN

China lobife
Rrie g

Staniord£in:
Sa0VEIGE

New Zealand
felecom N7
220 VDG
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CRES: Hybrid AC-DC NanoGrid System

Future Energy Efficient Home/Building

Solar panels (PV)

Smart appliance

Utility grid

AC and Heating
Storage Ventilation...

Plug-in Hybrid
(PHEV)

Energy Control Energy
Center (ECC)

Wind _|
Turbine




CRES: Hybrid AC-DC NanoGrid System

CEES Wind Turbine System

Wind Turbine atop the Whittemore Hall




CRES: Hybrid AC-DC NanoGrid System

Minimized System for Validation

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

* Generation
SOLAR WIND ENERGY PLUG-IN | _
ARRAY TURBINE STORAGE HYBRID » Solar, Wind;

P 480V/240V ; m
- 10,60 Hz |

» FC, Generator:;

B eee
()
( = 2 2= = = = En ergy storage
DC bus | 10 kW 5 kW : : - » CA, Flywheel

380V I |

2 X 5.2KW Electronic Load

Microgrid Research Programme 48



£ Renewable Energy and Nanogrids (REN)

Center for Power Electronics Systems Work Scope
=——-DC-—and-AC-—-nanogrid--operation and
asovi/2a0v, WJ
1-phase, 60 Hz (V%) SOLAR WIND ENERGY PLUG-IN performance

ARRAY TURBINE STORAGE HYBRID

e Modular multi-level converters for
nanogrids

 Power electronics applications for
enhanced T&D grid performance and
resource integration

T

bnera ABB N2

- @ﬂﬂflﬂs Agilent Technologies SIEMENS

www.residential 19




Communication network

Future Re5|dent|al LVDC

machine

A
“@Washing ‘\‘

EV
Charging
8 Station

%

¥

Ceiling fan

‘ Supercaps

Led
Lighting

e I &=

o e -
Electr Ofyzer Fuel cell

A Hydrogen
EJM]— tank
Hybrid Energy Storage Systems

Batteries
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ERANET project 2014-2016

a Flexible electric vehicle charging
infrastructure Flex —ChEV

(¢

AALBORG UNIVERSITY HOGSKOLEN
OENMARK [ NARVIK

f

http://www.flexchev.e 51
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Grid

—————

Flexible electric vehicle charging

ex —ChEV

Primary
Control

l
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Flexible electric vehicle charging
infrastructure Flex —ChEV

e 2 year experience in control
design of IM based flywheel for
grid ancillary services

e 2.2 kW expiremental test-bed

rhas been built

* Fully modular control strategy
based on distributed bus ,}
signalling -> scalable to units of
different size -

"3

-\"‘

o
=z
< 7
» L)

- Hl

e A

0% v-"\
6y
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Thank you for your attention!

MicroGrid Research programme 54
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