Bornholm as living lab
for the future energy system

TwinPV Workshop
December 2016, University of Cyprus

Per Ngrgaard, DTU
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Energy system optimisation

100% RE by 2050

Compone
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* Planning
* Energy services
* Energy resources $

* Energy system services
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%}:-)WinPV
The Future Energy System

 Decarbonisation o
o _ Electrification
« Cost-efficient transformation Renewables

e DTU focus:
Develop a reliable, cost-
efficient and sustainable

1113

Integration Decentralisation
energy El)’Stem based on Power, thermal, gas, Prosumers, solar PV,
renewable energy buildings, transport EVs, storage

Novel business -
models Digitalization

Services, bundle, Sensors, data, analytics
sharing

Kilde: IEAs scenario for 2050 (IEA— ETP 2014)
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®Wrhallenges in the Future Electric
Power System

DK 2012 DK 2020
25% wind power 50% wind power

UUul \jA\ *lu\i\v i l EMHIWD

li

il

i —

A

« Balance between generation and demand
 Stable and secure operation
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The DK Power Generation Landscape
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@W].HPV .' Jutland - Sweden

Power right now
Measured in MW:

Denmark as ali b

I -
Jutland - Norway

Exports: 131 MW
v

Central power stations B
Local CHP plants 591
Wind turbines 3.181

Solar cells 3
Net exchange eksport 255
Electricity consumption 4,796

CO2 emissions 214 g/kWh

LEGEND v

Zealand - Sweden
Imports: 503 MW

The Great Belt
---> 590 MW

N

—

Bormmholm - Sweden
Exports: 4 MW

Bornholm

Jutland - Germany
Imports: 704 MW
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http://www.energinet.dk/EN/El/Sider/Elsystemet-lige-nu.aspx

Sokabel

N S S’ e’
S S S '

Ronne

14-12-2016

Ankirkeby

Bornholm case -

Svaneke


http://bornholm.powerlab.dk/

by 2025
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Showroom and
visualisation
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Building 716 Building 715 SYS LAB 150 kVA Building 319

Busbar 1 Busbar 2
breaker overview

Busbar 1  Busbar 2

Load conv.
CEE 100 KVA Aircon
Busbar A Busbar B Busbar C
CHP S Shore e
l Ship
Heatpump 2 Flexhouse | Diesel
Heatpump 1 Solar :][:7 Cable Al
Cable F1 Cable F1 Cable A2
Flexhouse 2 Cable B2 Dumpload
Flexhouse 3 Cable B1 Solar
Cable E2
elellz = Local Grid 200 kVA
busbar busbar
Building 117 I
b4
Mach. Crossbar switch
set
NEVIC
Busbar 1
Lab
busbar
Grid
busbar

Busbar 2

Cable C1
Cable C2
Battery
CEE
NEVIC )

P50t
630 kVA

Ext. 117-5 =) O
Ext. 117-2 -0 (O

NEVIC 1
NEVIC 2
NEVIC 3
NEVIC 4
NEVIC 5
NEVIC 6
NEVIC 7
NEVIC 8

Test bench
Test bench 3<)

100 kVA



Electric Lab

RTDS

Ml T

3 x power amplifier
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Open for all. Full service.
- Per Ngrgaard, DTU Self service. You decide.
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EcoGrid EU

Flexible multi-purpose laboratories

Large-scale test system

Efggad

=
Pt
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DTU Risg Campus

Full-scale real-life
§ energy system

> 40,000 people
50% renewable energy

The Island Islanding capability

Bornholm

14-12-2016 Bornholm case - Per Ngrgaard, DTU
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In collaboration with energy
companies, industry and authorities
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O ER0Grd EU

COOPERATION

W

EcoGrid”

www.eu-ecogrid.net

Large-scale Demonstration of the
Future Intelligent Distribution System

14-12-2016

I
EU FP7 ENERGY —1—
2011-14 DENMARK

Energinet.dk
Budget: 21 million Euro Dstaalt
Integrated research and I
demonstration oy
~2,000 active customers ELIA

.

GERMANY
Siemens

EU fast-track to Smart Grids

PORTUGAL
EDP
Best Sustainable

~USTAILIA 1 |T-project 2012
i \) O awarded by Arnold
Schwarzenegger et. al

Bornholm case - Per Ngrgaard, DTU
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ikiiane
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Austrian Institute of

Technolory

SWITZERLAND
IBM Research
Landis+Gyr

The ISGAN Award of
Excellence in transforma-
tion of smart grid systems
"Consumer Engagement &
Empowerment”., 15
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W®winrv Bornholm Full-Scale Laboratory

1% of DK

33% Wind Power Penetration; 28,000 Customers

28,000 Customers

. 55 MW Peak load
e 16 60/10 kV substations &
Power plants: =

34 MW Diesel (Qil)
25 MW Steam (Oil)
35 MW Steam (Oil/Coal/Wood)(CHP)
30 MW  Wind (Wind)
2 MW Biogas

4 District heating systems
Heat generators

''''''

OSTKRA

energi til gode oplevelser

Bornholm case - Per Ngrgaard, DTU

Energy strategy
Political & public drive

~ BRIGHT GREEMN ISLAND

Energy resources:

- Customers

- Wind power

- Biogas plant

- Combined heat and power
- District heating

- Solar power plants

- eMobility

Features:

- Nord Pool market (DK2)
- Islanding capability
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. DTU
*$)W PV ® Jou
o EcoGrid

FcoGrid EU

* Integrated research and
demonstration

111

* Novel 5-min market
empowering 2,000
private and commercial
customers managing their
energy

*  Smart meters and
automation equipment
installed in buildings and

D s L
B (]
) = «= B
o Distributed Energy * X & OSTKRAFT 3 “"|E;? ENERGINET/DK TNO iaten
i * 1 o
i - : * * DJH Ar,r”'““[ it @d-ﬂ”wm BQdiS  SIEMENS
U 4 L ps TutT ) )
_)\ ~ /\ﬂ Co-funded by EU. % tecnalis ) —é‘ m.l a @ SINTEF
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http://www.siemens.com/innovation/en/index.php
http://www.research.ibm.com/
http://www.dtu.dk/English.aspx
http://www.sintef.no/Home/
http://www.arsenal.ac.at/home_en.html
http://www.oestkraft.dk/privatkunde/privatkunde.asp
http://www.eandis.be/eandis/
http://www.elia.be/default.aspx
http://www.energinet.dk/en/menu/Frontpage.htm
http://www.ecn.nl/en/

@Win PV

EcoGrid EU

* Multiple customer motivations

EU Sustainable Energy Award 2016; most
outstanding and innovative energy project with
consumers.

EU SUSTAINABLE ENERGY

IEA ISGAN Award of Excellence in smart grid
systems 2014, "Consumer Engagement & —_
Empowerment”

Best Sustainable IT-project 2012, awarded by
-‘JSfAltllA- Sustainia 100 (Arnold Schwarzenegger et. al)

100

Lower electricity bill by smart control
Knowledge about own energy use
Using green electricity

Possibilities with new technology
Being part of a community(!)
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The EcoGrid

Market and Demand Response Performance

Demand response for customer groups

-100 -

-150

Performance of the 5-min market
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o s
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.., Lz customergrg
300" 50 0 20 40 60 80 100 120 140 160 180
Time [Minutes]
* Different response from customer group .

have to be taken into account in the market

design

*  Response to prices with uncertainty
*  Activating demand reduces the peak load by

The societal costs from balancing are
reduced by 5.4%

*  The EcoGrid market allows to integrate 8.6%

670 kW (corresponding to 27% flexibility)

14-12-2016
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more wind power than the baseline market

Read more: www.eu-ecogrid.net
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®wiontrol-by-price concept with 5 min
real-time market

Lab. setup with micro CHP:

Space
heating Heat storage
circuit
uCHP
RS232
Temperature
sensor
_, AC mains
"""" Emulation Price-responsive
controller
Price signal
Elec. gen, 5 kw
Heat gen. 10.5 kW
Heat demand 5.25 kW
(constant)
Storage 750 liter
Min. temp. 5° C
Max. temp. 80° C

1&@*2@%@ ]Tﬁansaction on SmartGrids, 2011.

EcoGrid”

www.eu-ecogrid.net

Measuements:
8 T
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Increased income = 7.3%

wo/ comfort changes (and very simple

aleorithm)
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Power system analysis Test of technology on Bornholm

i 4+ | | Power system

X )\\ /‘“’o ':’?o"?) Billing
S .
|)LJ'“L%“
Q =

"~ Control software

WP3
Aggregated charging control software

14-12-2016

Battery swapping
‘—0 @
Fast charging
WP4

ent of fast charging and battery swapping Test of technology in laboratory

Communication between car and charge spot

Bornholm case - Per Ngrgaard, DTU 21
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Platform for synergy and collaboration

14-12-2

TESTING TRAINING DEMONSTRATION

% BORNHOLMS DTU
ENERGI&FORSYNING <

=P

/

b6

TRAINING/
EDUCATION

RESEARCH

technolog

business life
technology export
jobs

SOCIETY/
Bornholm case - Per NwrgaIaNdPDlljéTRY
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@Wi“§trong national and international =

collaboration

BRRA NANYANG
TECHNOLOGICAL

UNIVERSITY

« Academic partners:

m Ziirich TUDelft

Delft University of Technology

Unlversllyof vlyLRS“Y( )£

gltrathclyde Berkeley EIAWARE Qb ‘

asgow ? POLY TECHNIC UNIVERSITY
HHER TR

+ many more

NORDIC FIVE TECH

i »
T’ DTU @ NTNU LE
5 ] P Norwegian Universily of
. N Y Aalto University
o

« Commercial and industrial partners:
ENERGINE1/DK DONG SIEMENS & Tia

energy Siemens Wind Power
OSTKRAFT  nationalgrid T=25 vestas., ... N% M
iﬁi —_——=T=
N seas nve SIEMENS VESTFR9ST
A \r‘kt cables + many more
K@BENHAYNS
KOMMUNE
* Networks: o . i y,
iy - g N A e r@w T IEEE -
> o ‘ EERA Gl ISGAN @ .
ESMART AIDS ﬂ [ — S — e ..«,'.:.--.:f'-. Powg‘_é:;ggwm EES_UETP

University Enterprise Training Parmership
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http://www.iea-isgan.org/
//upload.wikimedia.org/wikipedia/en/e/ec/Tsinghua_University_Logo.svg
http://www.dongenergy.dk/
//upload.wikimedia.org/wikipedia/commons/5/51/IBM_logo.svg

Some thoughts ...
Yision for qu'cab:

° Qgp'cub will demonstrate
enexgy and cost eﬁ"icien.t
la’cge—bcale integration of wind and solarx

in an island enexgy system.

14-12-2016 Bornholm case - Per Ngrgaard, DTU
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Per N@rgaard
pern@elektro.dtu.dk

www.cee.dtu.dk

www.powerlab.dk

Bornholm case - Per Ngrgaard, DTU
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