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Quote by B. Obama at the Climate Summit
2014 in New York:

We are the first generation affected
by climate changes,

and we are the last generation able
to do something about it!
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@ Scenario: We want to cover the |
worlds entire need for power
using wind power.

® How large an area should be
covered by wind turbines? e
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Potentials and Challenges
for renewable energy
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Scenario: We want to cover
the worlds entire need for
power using wind power a

How large an area should be
covered by wind turbines?

Conclusion: Use
intelligence

Calls for IT / Big Data / Smart
Energy/Cities Solutions/ -

Potentials and Challenges
for renewable energy
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Energy Systems Integration | == :

ub CITIES

Centre for IT Intelligent Energy Systems THE B H |
-~

atania

wValletta
WALTA

Mediterranean Sea

)
Gat
lenine
TUNISIA JTripoli
S, Misratah Banghazi, K—‘
) . . =

|
|
LIBYA /

A

EGYPT  Cairo"

ja

N rent ‘

cypRUS~— LEBANY

/

e

o = >
oz e
an
Shevchenka®/_

N~

aspian Sea \

aaaaa

Tomorrow



Jutland - Sweden Power right now

i Exports: 332 MW Measured in MW:
-
. -’ Central power stations 1.315
*e R Local CHP plants 298
-

—e ' wind turbines 3.951
Ty Solar cells 0

Jutland - Norwa
Y Net exchange eksport 2.096
Exports: 1.530 MW Electricity consumption 3.469
CO2 emissions 164 g/kwh

v

LEGEND v

Zealand - Sweden

Exports: 1.026 MW

—
-

Bornholm - Sweden

Exports: 16 MW

The Great Belt
--=-= B9 MW

Zealand - Germany
Jutland - Germany

Imports: 336 MW
Imports: 473 MW

&
> Last updated 2. februar 2016 23:28
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The Danish Wind Power Case

.. balancing of the power system

25 % wind energy (West Denmark January 2008){

50 % wind energy
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0 Wind power O Demand

In 2008 wind power did cover the entire

demand of electricity in 200 hours
(West DK)

CITIES

Centre for IT Intelligent Energy Systems

O Wind power O Demand

In 2016 more than 42 pct of electricity load
was covered by wind power.

For several days the wind power production was
more than 100 pct of the power load.

July 10th, 2015 more than 140 pct of the power
load was covered by wind power
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From large central plants to Combined
Heat and Power (CHP) production

1980

Today

From a few big power plants to many
small combined heat and power plants
— however most of them based on coal
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DK has enough excess heat to cover the need

for heating in large cities
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What has since been achieved:

De-coupling of consumption and GDP growth
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0
1990 1995 2000 2005 2010 2015 2020 2025 2030

M Final energy consumption " GDP
B Final energy cons. relative to GDP

Source: Energy Policy in Denmark. Danish
Energy Agency. December 2012
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How can we make a difference ?
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Our personal carbon budget

tCO2eq / person / year
N

0]
® Denmark (2014) ® Denmark (2050)




Live CO2 emissions of the European
electricity consumption

This shows in real-time where your electricity comes from and
how much CO2 was emitted to produce it.

We take into account electricity imports and exports #»
between countries.

Tip: Click on a country fo start exploring —

B wind power potential (m/s) =3

Like the visualization? We would love to hear your feedback!
Found bugs or have ideas? Report them here.

This project is Open Source: contribute on GitHub.

All data sources and model explanations can be found here.

B svre 20 | W T

Source:
electricitymap.o[g
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A very windy day in the

Nordics
3 7 =
Carbon Intensity Fossil Fuels Electricity Price

B - L

{CO2apkWh) {hry-ahaad)

Electricity production | Carbon emissions
by source

wind s

solar
hydro
hydro storage ?
geothermal 7
biomass
nuclear

coal I |
oil
unknown

= DE i
= NO
+ SE NN

Last update: February 22, 2017 7:00 PM (2 months ago)
source: entsoe.eu (add or edit source)






The storage problem

Tesla Powerwall LCA

Total cost

3000 $

Total energy produced
over lifetime, see [0]

28,980 kWh

Total GHG emitted for
production, see [1]

104,000 gCO2eq

Cost

0,10 $ / kWh

Emissions

23 gCO2eq / kWh
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Assumptions, Goals and Methods
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Energy Systems Integration
In Smart Cities

Energy system integration (ESI) = the process of optimizing energy
systems across multiple pathways and scales

Single Building Electricity
: - = gL @» Thermal
Community, City §
: Fuel
Region, Country
Data Pathway: Information and

communication technologies allow a
better understanding and control of
systems by linking sensor data from
multiple locations to control centers.
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Energy Systems Integration
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Optimisation Models

The central hypothesis is that by intelligently integrating
currently distinct energy flows (heat, power, gas and biomass)
using data intelligence we can balance very large shares of
renewables, and consequently obtain substantial reductions in
CO2 emissions.

Intelligent integration will (for instance) enable lossless ‘virtual’
storage on a number of different time scales.
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CITIES - Research Challenges

To establish methodologies and solutions for design and operation of
iIntegrated electrical, thermal, fuel pathways at all scales

bnens

Geographical Scale
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CITIES - Concept Challenges

Energy Systems Integration using data and IT solutions
leading to models and methods for planning and operation

of future electric energy systems.
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Smart-Energy 0S

Day Ahead Market

DIRECT CONTROL (DC)
Individual consumption
schedules

Sub Aggregator A
Forecast services

Actuation
state info

Actuation
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Industrial
processes
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Transport

Centre for IT Intelligent Energy Systems
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Virtual Storage or
Flexibility Characteristics
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© Flexibility (or virtual storage) characteristics:
— Supermarket refrigeration can provide storage 0.5-2 hours ahead
— Buildings thermal capacity can provide storage up to, say, 5-10 hours ahead
— Buildings with local water storage can provide storage up to, say, 2-12 hours ahead
— District heating/cooling systems can provide storage up to 1-3 days ahead

— Gas systems can provide seasonal storage

|
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How to reach a fossil-free society
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Case study

Wastewater Treatment Plants
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Waste-2-Energy

Resources WWTP Energy Hub Energy service

I
I
|
| Treat t
o ) reatmen . Gas
Electricity | ./ Process /4 Digester storage
|
|
S
S Y e E
Waste Sewer | < — — P Storage: / CHP /L,-p Electricity
water system | | tank |
S |
) |
i |
|
e i
B e e e e e ] 1

Gas
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Energy Flexibility in
Wastewater Treatment

Sensor filtering and time delay

CTSM-R
| Model parameter estimation |

[ Closed loop prediction ]
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III; CITIES INNOVATION CENTER a

Integrated energy systems powered by intelligent data Search ...

HOME 100% BY 2050 ABOUT Us TOPICS PROJECTS EVENTS PARTNERS

Topics

Energy systems Data analytics Policy and regulations

Cloud-based solutions Mobility

Markets Smart buildings
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Case study

Using swimming pools to store wind power

1> CITIES RI0GE 2t
- Centre for IT Intelligent Energy Systems THE B ﬁ"'f";hrz Tomorr OW



70

A

b

Share of electricity originating from renewables in Denmark Late Nov 2016 - Start Dec 2016
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hydro
biomass
geothermal
wind

solar

Source: pro.electicitymap.org
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Carbon intensity of Denmark Late Mov 2016 - Start Dec 2016
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Your global warming impact

Electricity
Car
Vegetables

Meat

Airplanes
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senigren

TEKNOLOGI * NATURVIDENSKAB * SAMFUND

MARKANTE FAGFOLK TIL POLITIKERNE:

Her er vejen til smarte energiafgifter

Prisen pa energi skal afspej-
le, hvilken forurening den
medfarer. Det er nedvendigt
for at fremme den granne
omstilling, mener en gruppe
fagfolk bag nyt udspil.

ENERGIPOLITIK

Af Sanne Wittrup sw&ing.dk

Falg fysikken. Det er hovedprincip-
peti et forslag til en ny model for
energiafgifter fra en perlerekke af
store danske virksomheder, forsk-
ningsinstitutioner og forsynings-
virksomheder.

Gruppen foreslir, at de enkelte
brendsler skal pilegges en ‘forure-
ingsafgift’, der afspejler, hvad det
wterag?f;uﬂaﬁsm forureningen
fra breendslet. Hvad enten det i er
CO,, partikler eller svovl. Afgiften
skal lzegges pd energien, nir den
gar ind i veerket, bilen eller fyret.

Samtidig skal ogsa selve varket,
bilen eller vindmellen pilegges en
afgift, der afspejler anleggets milje-
eﬂgekl fra fremstilling til og med
nedtagning i et livscyklusperspektiv
— og hvad det koster at neutralisere
denne effekt.

Ideen er s, at staerkt varierende
forbrugerpriser pA energi skal op-
muntre forbrugerne til at fytte de-
res energiforbrug.

Med forslaget blander fagfolk
med indsigt i dynamikken i energi-
sektoren sig nu i debatten om, hvor-
dan fremtidens energiafgifter skal
indrettes. En debat, som Skatte-
ministeriet tog hul pi her i sommer
med et sikaldt ‘fagligt opleg’ til en
ny afgiftemodel.

Gruppen mener, at en ny afgifts-
model er helt nadvendig for at fa
fremmet et meget mere fleksibelt
energiforbrug, som ifelge dem er
ngglen til en effektiv gren omstil-
ling, og som vil kunne ibne for
at realisere masser af innovative,
danske styringsmodeller og system-
lesninger pa energiomridet.

Professor Henrik Madsen fra In-
stitut for Matematik og Computer
Science pd DTU, der taler pi vegne
af gruppen, synes nemlig ikke, at
Skatterninisteriet har gjort sit arbej-
de ferdigt, blandt andet fordi anbefa-

ingerne ikke tager tilstraekkelig haj-
dewi?;r dg.'rmn.ikfgl i energisyhgsmet.

»Den rigtige omkalfatring af
energiafgifter og -tilskud vil kunne
bringe Danmark helt i front med
fleksible lasninger og forretnings-
modeller. Vi apﬁe'«'e'rr at bide firmaer
og private investorer stir i ke for at
komme i gang med at udvikle og
demonstrere kommercielle lasnin-
ger, der kan udnytte stremmen, nir
den er gron og billig ,« forklarer
Henrik Madsen og understreger, at
virksomhederne ger det, fordi de er

overbeviste om, at de kan tjene sto-
re penge pi at kunne udvikle og de-
monstrere losninger i Danmark

senere tilbyde dem til andre land{;g

Gruppen er dannet af deltagere
i et stort forskningsprojekt ved
navn ‘Cities’, hvor man har udvik-
let styringer og systemlesninger til
forske]]jngge eleienter i fremtidens
intelligente og integrerede energi-
system.

Disse demonstrationsprojekter
har vist, at der rent teknisk findes
mange muligheder for at integrere
store meengder vind- og solenergi,
hvis man pi en intelligent méide
kan udnytte den dynamik og fleksi-
bilitet, der er i et energisystem, hvor
produktion og forbrug af el, varme,

vand, affald og transport er tenkt
sammen.

Danfoss er en af virksomheder-
ne bag den nye model. Leder af
Danfoss' eksterne aktiviteter Tor-
ben Funder-Kristensen peger pi, at
Danmark har en unik mulighed for
at udvikle disse nye lesninger, fordi
vi har teknologien, knowhow og en
moderne og samarbejdsvillig forsy-
ningssektor.

»Men vi har kun et vindue pa fem
til ti 4r, fer andre lande kommer ind
og tager over, s4 det haster med at
fi omlagt energiafgifterne, der reelt
dreber mange demonstrationspro-
jekter. Vi kan ikke ventel« siger han.

Professor i ressourcegkonomi
pi KU Peder Andersen — som sid-

ELPRISEN SKAL VZERE DYNAMISK

| dagens elpris er afgifter og tariffer faste, og kun selve elmarkedsprisen
varierer. | den nye afgiftsmodel vil sterstedelen af prisen kunne variere,

da afgifterne skal variere pa de braendselstyper, der kan levere stremmen.
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Kilde: Henrik Madsen, DTU  Grafile LGJ
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der i referencegruppen for Skatte-
ministeriets afgiftsrapport — fin-
der, at gruppens afgiftsforslag ser
interessant ud, men at det samtidig
er lidt svaert at gennemskue, om de
gkonomiske incitamenter rammer

»NAr man primzrt lepgger afpift
pa input af braendslet, risikerer
man, at der ikke er incitamenter for
virksomhederne til at undga for-
urening, f.eks. ved at rense effektivt
eller bruge ren teknologi. Det gir
imod korrekt skonomisk tenk-
ning,« siger han.

Samtidig pApeger han, at den
foresliede afgift pa selve produk-
tionsanleggene kan blive en meget
tung ordning at administrere.

»Det vigtige er jo, at der gives kla-
re gkonomiske incitamenter til, at
bade gkonomien og miljget tilgode-
ses,« siger han.

Det nye forslag er baseret pi me-
der og diskussioner med markante
personer fra Danfoss, Grundfos,
Kamstrup, Dansk Fjernvarme,
Eniig, AffaldVarme Aarhus, Tekno-
logisk Institut, DTU, KU, Project-
Zero og Aarhus Kommune.

I den kommmende tid vil gruppen
gh videre med sit forslag til de re-
levante ministerier og har allerede
en aftale i Energi-, Forsynings- og
Klimaministeriet. m
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Discussion

@ Intelligent Energy Systems Integration can provide virtual storage solutions (... less
need for physical storage)

. District heating (or cooling) systems can provide flexibility on the essential time
scale (up to a few days)

o Energy Efficiency or Emission Efficiency ?

o We have enough waste heat to cover the need for heating (but ... !)

o Gas systems can provide seasonal virtual storage solutions (but ... !)

o We see a large potential in Demand Response. Automatic solutions, price based
control, and end-user focus are important

. We see large problems with the tax and tariff structures. Coupling to prices for
carbon capture could be advantageous.

o Markets and pricing principles need to be reconsidered; we see an advantage of

having a physical link to the mechanism (eg. nodal pricing, capacity markets)

! Z cce:ntlre-l;rl I§n§igent Energy Systems THE B H | D & ﬁszﬂf"'g o TO IMOITOW



Discussion (2)

o Smart Cities is a part of a Smart Society
o CITIES and Tomorrow have a number of low carbon solutions ...
o It is our impression that by intelligent energy systems integration we could rather

easily obtain a fossil-free society, however ....

o We need stronger decision makers ...

Thanks for
your attention !

7
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