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Denmark energy

Centralized production in the mid 80’s Decentralized production of today

Legend:
* Decentralized CHP

* Centralized CHP s 3
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o District heating and CHP have reduced Denmark’s CO2-emission by 1/5.
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Aalborg University was created through a merger of a number of well-established institutions,
combined with the establishment of a number of new faculties in 1974.

Aalborg University was characterised by its well-reputed education form of problem based project
(PBL) work — also known as the Aalborg model. The number of students is around 15,000.
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Aalborg University
Department of Energy Technology

Pontoppidanstrade 101
DK-9220 Aalborg East
Denmark

Phone: +45 9940 9240
Fax: +45 9815 1411

www.et.aau.dk

Head of Department
John K. Pedersen
+45 9940 9264
jkpGet.aau.dk

Department Secretary
Tina L. Larsen

+45 9940 9240
inst-sekr@et.aau.dk

Aalborg University Esbjerg

Niels Bohrsvej 8
DK-6700 Esbjerg
Denmark

Approximately 40 faculty members
Approximately 70 PhD students

Organisation — Department of Energy Techonolgy
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Multi-disciplinary Research Programmes

Wind Turbine Systems

Fluid Power in Wind and Wave Energy

Biomass

Photovoltaic Systems

Modern Power Transmission Systems

Smart Grids and Active Networks

Automotive and Industrial Drives

Approximately 20 TAPs (technical administrative employees)

Approximately 250 students

é\ppifﬁeﬁo/ﬁhe turnover comes from external projects

Fuel Cell and Battery Systems
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* Microgrid Definition and Operation

* Microgrid Research Programme in AAU

* Microgrid Research Activities and Laboratories
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General aspects of a Microgrid: “Definition and Operation”

CIGRE C6.22 Working Group Definition:

Microgrids are electricity distribution systems containing loads and
distributed energy resources, (such as distributed generators, storage
devices, or controllable loads) that can be operated in a controlled,
coordinated way either while connected to the main power network

or while islanded.
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Hybrid AC/DC Microgrids
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Hybrid AC/DC Microgrids
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What is a Microgrid?
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DC Coupled subsystem
What is a Microgrid?

féé@h; Household appliances and electronics

S

PCC

Main 1 |
Utility Grid “

©IEEE :



tio
ISLANDED

a
Modes of Operation




i
GRID CONNECTED

G

Modes of Operation




General aspects of a MicroGrid: “Definition and Operation”

Hierarchical Control for MicroGrids

» Primary Control: Modeling + Inner loops + droop Control (P/Q Sharing).

» Secondary Control:
- f/V Restoration (Island) : Set-points assignation from MGCC to the DGs .
- Synchronization (Island to grid Connected mode)

» Tertiary Control: Power Import/export from/to the grid.

b Power | [ Systemrecovery
. Quality after foults

Microgrids b System

'
Concerrs... Stability P/Q flow Control

: /sland detection
and Grid Synchronization
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Energy
management

system
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 Modelling, Control & Operation
e Distributed Control

* Integration of Energy Storage

e Standard-based ICT

* EMS Optimization

* Protection Schemes

 Power Quality
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Low bandwidth Communication Link
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Centralized Distributed
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Microgrids research = secondary control

Distributed Secondary Control
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Distributed Resources (DRs)
A
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Microgrids research = tertiary control
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Microgrids research = tertiary control

TERTIARY CONTROL AND 3 p( System Optimization ---- Local Generation Control
ENERGY MANAGEMENT
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> » Communication
flow

<«——»  Power flow

DC Microgrids |
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Intelligent Microgrid Lab - iMGlab

The Intelligent Microgrid Laboratory (iMGLab) is a powerful
platform designated for research and education on AC, DC
and hybrid Microgrid technologies.

P The laboratory is based on 6

§  workstations,

Il | Every SETUP:

! | * 4 DC-AC power electronics

converters,

* LCL-filters,

* Motorized change-over
switches

* Smart-meters.

Every setup is able to emulate a
multi-converter low-voltage
Microgrid,

local and energy management
control programmed in dSPACE
real-time control platforms.
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Intelligent Microgrid Lab - iMGlab

* To emulate
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Experimental tests - DSPACE 1006
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Genset Static Switch

To other MicroGrids

QIEEE

WindTurbines
220 kW

Power
Electronics

Distributed Loads Thermal Energy Storaj

wind Power Generation, Thermal Storage MicroGrid
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Shanghai PV MicroGrid Project
"I"\t,.ui?bdines .SSIa:r_P\.I .
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MG Cent 1 Microgrid demand

Controller side management
PV 300kW Control system system
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ik 111 5 7)1 il
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» 150 kW Microgrid

» Islanding operation multizone
» Fault tolerant

» Primary and secondary controls

Power System

- 25-kW WTG sokv TPc 114KVINER 380 V Micro-Grid
60-kW load

10-kW HCPV o

control room
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Industrial PhD course on
AC Microgricls
in Theory and Practice

spuBoniw DV

Industrial/Ph.D. Course in

AC MicroGrids

- in theory and practice

Oct. 14 — Oct. 15
2013

O?\G UN/%

)
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Department of Energy Technology
Aalborg, Denmark
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Industrial/Ph.D. Course in

DC Microgrids

—in Theory and Practice

Nov. 26 — Nov. 27
2013

2.G Uhyy,
V&

2,
< !

Department of Energy Technology
Aalborg, Denmark

Industrial/Ph.D. Course
Power Quality in
Microgrids

in Theory and Practice

Oct. 16 — Oct. 17
2013

26 UNy,
%
5 )

Industrial/PhD course on
EMS and Optimization in
Microgrids - In Theory and
Practice

Oct. 28 — Oct. 30
2013

Department of Energy Technology Department of Energy Technology

Aalborg - Denmark

Aalborg - Denmark

©IEEE

32




Thank you ior your a ttention

o

f ) "l ) K 7~
I .,/._/-,/\,/._,_.3.,-_ NSV S U S e

ozet‘ aau. d!lk [ g@g é udfk tdlrt aau. th

CA, LT



mailto:joz@et.aau.dk
mailto:juq@et.aau.dk
mailto:tdr@et.aau.dk
http://www.et.aau.dk/research-programmes/MicroGrids/Lab.+Facilities/
http://www.et.aau.dk/research-programmes/MicroGrids/Lab.+Facilities/
http://www.et.aau.dk/research-programmes/MicroGrids/Lab.+Facilities/
http://www.et.aau.dk/research-programmes/MicroGrids/Lab.+Facilities/
http://www.et.aau.dk/research-programmes/MicroGrids/Lab.+Facilities/
http://www.et.aau.dk/research-programmes/MicroGrids/Lab.+Facilities/

