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Centre for environmental design
of renewable energy - CEDREN
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» 8 years (2009 2016)

» 10 large research projects — two more from 2015
» 7 Norwegian research partners

» 16 Industry partners and 2 management partners
» Budget: ~40 M Euro (5 M Euro in 2016)

» 21 PhD and 7 Post-doc positions

» International collaboration

Renewable energy respectlng nature




Hydropower
technology

Environmental
impacts of
hydropower

Environmental
Impacts of wind
power and power
transmisson

How to reconcile
energy and
environment
policy?




Environmental design
of regulated rivers

Increasing both salmon
and power production

Increasing power production

CEDREN O =
Centre for Environmental Design of Renewable Energy = : N\ i



Renewable energy
and birds

CEDREN Centre for Environmental Design of Renewable Energy



Electrocusion

Death of a white-tailed sea eagle in Norway
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In danger!




Energy scenarios

distribution infrastructure

Energiutredn®
ki, g

=l f &
3 7 Verdiska
forsyningssikkerhet
it

TF e W
Energiiédningen

U Energy storage
technologies

J Demand side
management

The IPCC Special Report on
Renewable Energy Sources and
Climate Change Mitigation

U Improved forecasting of
resource availability
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balancing capacity needed in
Europe by 2050



RES challenges - Germany
High Photovoltaic production
Summer

Solar energy Conventional energy

30.000

< :
B Significant reduction of peak load
X\ due to solar power production at noon

S s N e A
-10.000
-20.000 [ [ 1 [ 1 1 I
Mo Di Mi Do Fr Sa So
20.08. 21.08. 22.08. 23.08. 24.08. 25.08. 26.08.
Legende: Export B Import B Konventionell > 100 MW B Wind Solar

Source: Burger, B. "Electricity production from solar and wind energy in 2012",
Fraunhofer ISE, presentation, February, 2013
URL: http://www.ise.fraunhofer.de/en/renewable-energy-data

CEDREN Centre for Environmental Design of Renewable Energy



RES challenges
High Wind power production
Winter

Wind energy

. Nearly no residual load left
soo00 {0 conventional power plants
50.000
40.000
30.000
20.000
10.000 But back-up capacity necessary
-10.000
-20.000 N _ N _ I N I I [
Mo Di Mi Do Fr Sa So
24.12. 25.12. 26.12. 27.12. 28.12. 29.12. 30.12.
Legende: Export B Import B Konventionell > 100 MW B Wind Solar

Source: Burger, B. "Electricity production from solar and wind energy in 2012",
Fraunhofer ISE, presentation, February, 2013
URL: http://www.ise.fraunhofer.de/en/renewable-energy-data

CEDREN Centre for Environmental Design of Renewable Energy



RES challenges
No production from RES
Winter

Anzeigewoche: KW 6; 2012

Mw

€0.000
50.000
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B Peak load and nearly whole demand during the week
LU completely covered by conventional power plants
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Mo Di Mi Do Fr Sa So
06.02. 07.02. 08.02. 09.02. 10.02. 11.02. 12.02.
Legende: Export Bl Import B Konventionell > 100 MW B Wind Solar

Source: Burger, B. "Electricity production from solar and wind energy in 2012",
Fraunhofer ISE, presentation, February, 2013
URL: http://www.ise.fraunhofer.de/en/renewable-energy-data
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Wind + Solar energy in Germany week 12 2014
Capacity ~30 000 MW Wind + 30 000 MW PV

35000 I i i T i I
Sum Wind + Solar PV Generation in Germany week 12, 2014
30000 | | |
| | |
24/3 2014 at 20.00
25000

- 550 MW in production
59450 MW unused

20000 -

15000

10000

Solar PV Generation MW







German Minister of Economy, Philipp Roesler, visiting the Blue
battery of Norway — guided by Regional Statkraft Director and
CEDREN Chairman of the Board, Jan Alne.
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Norwegian hydro
capacity to make
Germany 100 per
cent renewable by




| EﬁﬁEE Installed Energy Storage capacity

European Energy Research Alllance

Worldwide installed storage capacity for electrical energy

S Compressed Air Energy Storage [RIUSIEUENIE
440 MW worldwide
Pumped Hydro
@ Sodium-Sulfur Battery BREERAVR[EElET[)E
316 MW worldwide

® Lead-Acid Battery
~35 MW

» Nickel-Cadmium Battery
27 MW

¢ Flywheels
<25 MW

127,000 MW,

o Lithium-lon Battery
~20 MW

* Redox-Flow Battery
Source: Fraunhofer Institute, EPRI <3 MW

Worldwide installed rated power of storage facilities for electrical energy.
Such power level can be sustained for up to several hours or shorter

CEDREN Centre for Environmental Design of Renewable Energy =/ >//-\\\ E%‘l .




Goldistal,
Germany




-_—

=) Statkraft

-

Indirect storage
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Simulated wind production in the North Sea area in 2030
- 95 000 MW installed capacity
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Wind Power North-Sea Region - Jan — March
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supply this storage ? ~




Faktisk produksjon i Vest-Europa (ES, FR, DE, DK, GB, IR) i 2012
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Observed Wind energy production Maximum: 44995 MW

In a system with 76013 MW Minimum: 1272 MW
installed capacity (Stadium 2012) Typical: 15400 MW
Capacity Factor: 0.20

CEDREN Centre for Environmental Design of Renewable Energy



Hydropower in Norway — Resource base
Water, high head Large natural reservoirs




Norwegian S
a8
#_r*‘ l,._':_\gl _
Currently: s
32 GW ¥
130 TWh/year . #&

reservoirs

« 20 reservoirs with
more than 100 Mm?3

capacity possible

« ~15 TWh always




CEDREN Case
study 2030

I Kvildal |

B <, ¥ \/“ .

Lysebotn
- * gt,(.’--'ﬂ"_ ZiE -

W~

" AR AN s f o
3 . ~ Edini

1 2 | [ Glasgaw

N
% United |
_ ' Kingdom '

Btemave‘n {

Grofingeno |

<\Lile Belgique

= Belglum
?:7%

e S L1

CEDREN Centre for Environmental Design of Renewable Energy



Veadine

/

BREIVE

ngrPA%‘BjBiquNa'-
1 ik SN - - -
& = The technical potential __
ey P— :. ’ ‘_ (e \:

Fotbda tthet

K&\ Vingnuan - [.‘)& A\ - ¥
N STE'M a / Snonuben
“ it “ ‘\’j) m]ar/- “ﬂ??. Bd krokraftverk & R

Mkl kg -?amA Mkt 2 " Feno- -
.‘ TJGSW\'P FE BN . dalare v \
LN 1} v, \ AL -~ = P s
Jf‘V«k'(lJ‘VS"'G‘ } ’ ":\‘
\{{'; S X1 '<_, Ll nuten . Y
\L \{(\" L U R "
tach l':*‘ : Gatosdathol s o =
y 7 A Kesoaln ) " {
b Fath snuten cp . Shotpe e S Shtbeskurven Ukt
- J > ~ e
o A
-
j, - a \
. Ul tlotfi 2
- MBYKLE -\

\ 2l
l takst

‘r/ .Km:ul K l,' SIS
-ﬂverk -

)

(} »ulBnoss

LkbteTECAND, (|
\ ot My

S
i : o f )
) Sheinatin
:f L ] (L o
\». A3, W

20 000 MW in southern Norway poss|b|e

p=sulla

- ~ - —d—
A uEhess )
Sora Blatpen L4
o Q s u Flwhen
N f = Tham
smLspAu.smtBo)(Lf ylke- [
Mo mdrahele Kb 2 <X $ Arcndz el
sz o - o
; - | I~ o=
S ¥ v dapd ! 2 ) ) { Y o
inikraftverk Canddets win
Friards- Al f :
hes 3 hois o Fnusen b r’: ‘:‘g
2ot i Hixha!
Fplleonden Lodandni [} Shepiainn e T
- VA s SOy IS
his I'meland heiane ' SSepa ' A ) e '
shoapd e Vi B 3
hena Ih Loyl N % od Gy / oy nutan /
Seomb Jasstermibbe. 'y L ’ CORE R i b,
j Lusaliers 1+ ' v R Eossiikn
oy < | (= Rk s
GPa Ly ' pe Ljosa ]
7 z v By sodiden § ) & AL ek i
WES 1834 1TM 7ane 33N bl r ' ; v st 2
Iy hEi rase™ P Ayt ahdetan A e
< ' Bresnuen f
' i | x=0 y= '




Transmission capacity

« NO-Sweden

= North/Midle-Norway: 1 100 MW

=  South-Norway: 2 050 MW

=  SouthWest-link: 1 200 MW (2019)
e NO-Denmark

= SK1-3: 950 MW

- SK4: 600 MW (2014)
e NO-Netherlands

- NorNed1 (NL): 700 MW

= NorNed2 (NL): 700 MW (2016)
e NO-Germany

= NorGer: 1 400 MW (2018)

- NORD.LINK: 1 400 MW (2018)
« NO-England

- 1400 MW (2020)

Possible interconnection capacity in
2020:

4 800 + 6 700 = 11 500 MW

Kraftforbindelser
med utlandet

e Sum av eksisterende ledninger

sum av eksisterende
sjokabler

3000/3450 MW

ENGLAND =
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RUSSLAND

1100/1500 MW
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Comparing LCOE for
= Norwegian Pumped
.. Hydro and Gas Power
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...even when grid and
cable costs are
included

Statkraft

£ [
OCGT-1
OCGT-2
CCGT
""" Pumped Hydro
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Environmental impacts




Social acceptance







Tesla PowerWall®© - 10kWh units for homes

Roof-top solar panel or similar

PowerWall® '
« Balancing solar energy

« Energy security
« Off-grid solutions




The Great Wall

Cover with Tesla PowerWall©

 fm
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1,23 TWh = 15 % of Blasjg




< Natural gas grid today

Can we establish a similar
electricity grid for exchange?

. w Wind energy production area

“F,'-! Hydro energy production area

Ocean energy production area
. Biomass energy production area
Qj Solar energy production area
@ Main consumption area

@mm Power cormidor




It is a bit freaky with this
wireless technology

COPYRIGHT : MORTEN INGEMANN
« Uncertain future — many scenarios — new technologies (?)

« Increased need for energy and water storage

« Rapid changes may come (...Fukoshima)

« Hydro reservoirs = always an excellent energy storage
« We need to value all services from reservoirs properly

CEDREN Centre for Environmental Design of Renewable Energy =\ é:':':::n
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Contact: atle.harby@sintef.no
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