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Energy for Europe
Effective use
of energy

CCS

Bio power
& heat

Balancing
power
from
hydro

Theoretical potential
offshore wind 14 000 TWh ¥gpm

2006: Oil & Gas: 2500 TWhly

Transmission °
NetworkThe European energy market
demands:

- Renewable energy
- Balancing Power




Hydropower
technology for the
future

Environmental
design of
hydropower

Impacts on birds
and wildlife from
wind turbines and
power lines

Reconciling
environmental and
energy policy
concerns
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CEDREN will deliver

1. Knowledge about renewable
and sustainable energy productio




CEDREN will deliver

2. Innovation and new opportunities
for renewable energy solutions
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CEDREN will deliver

3. Outstanding dissemination and
targeted communication of
processes and results
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PhD and Post doc




International collaboration

» Research and education

» Authorities
» Seminars, workshops

GHG issues at
Bakun dam, Malaysia

T it W

End-user
meeting in India




The Research Council
of Norway
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CEDREN key figures 2011

« Total costs: 64,6 Mill NOK

« 110 scientists and students working
- SINTEF Energi 34

- NINA 41
- NTNU 14 Py
« LFI 5
L T
« NIVA 4 Y

_ " Roel Ma
= Uni Research 12

Maxim Teichert
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Dams

e Migration barrier

e Loss of connectivity
e Less access

e Loss of biodiversity

BEDREN Centre for Environmental Design of Renewable Energy



Degraded habitat in bypassed sections
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Landscape effect
Impacts on wildlife
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Resettlement




How to mitigate all’
his?




Flow and the environment

environment R4

A

flow
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Flow and the environment

environment

A
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Flow and the environment

environment
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Alternatives




In situ study

Laboratory

Model simulation

Elevator §i

.Hain Accass Tunnel

" @&-Surge Chamber

. 'T_Fﬁ

| \ Plbwut'pJﬂnt Chambar

I| Breakers

Transformer Vault

Resarvoir




How much water 1s needed?




Viarne :
Salmon life cycle
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NeSt Of -Water chemistry
. - Oxygen content
salmonid

‘ Water depth (cm)

Burial depth (cm)

-No. egg/nest

-Substrate -Egg survival
composition
-Fredle indeks

-Water velocity

-Temperature

-ldentification of

CEDREN S
Centre for Environmental Design of Renewable Energy
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¥ salmon (110 cm):
“_ grain.size = 64 mm.
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Foto: LFI-Unifob v/Wiers
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964 spawning sites surveyed in 2004-2011
+ 105 sites in 2012
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Vgringsfossen — one of Norway's highest
rated tourist attractions

REN Centre for Environmental Design of Renewable Energy



Europc

Bjoreio — water diverted
for power production

| OBS! Notice the
| scale: Size of a man
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Spawning Egg incubation
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Egg survival and water depth 2004
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Share of redds in dewatered zones [%]
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Simple solution.....

.....move some
water released
IN summer to
winter




How much spawning area is enough?

Quantifying the effect of spawning area on sea trout
production

Strong correlations between
river wide juvenile density

s(spawn.area,2.06)
50 100 150
s(dist.index.1)

0

 and the percentage river area ?
suitable for spawning

-50
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o
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20 40 60 80

o

 and the distribution of spawning grounds

* Guidelines for river restoration
and mitigation.

 Presentation today, 17:00, A
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Viarne :
Salmon life cycle
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“temperatures at swim-up should be =8 C ”
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.and In a natural stream!

39 - 187 ® Early and cold
30 1 B Medium
O Late and warm
< 25 -
2 118
S 20 -
T
2
S 15 1
n
10 -
5 .
0 m T 1
Low Density High density

CEDREN Centre for Environmental Design of Renewable Energy : @ »A\ E;"’E&- .




...and under peaking and stable conditions in semi-natural streams

Stable flow conditions . Variable flow ("peaking”)




Viarne :
Salmon life cycle
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."E—‘.ﬂawnirag in a Radd
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....focus on hydropeaking

T

Photo: Roar Lund




Varne

Salmon life cycle
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Europec

Smolt migration
River Mandal

Mandalselva

.{ &

Torbjﬂrn Forseth,: Hans Pe,ttef F_[elds’tad Ingebrlgt Uglem
Knut Alfredsen & Thibadiit B@ISS‘V’” S
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Challenge:

o Safe road:
2003: 10%
Goal: 90%

 Wrong route:

CEDREN Centre for Environmental Design of Renewable Energy



When do the smolts arrive and which
route do they chose?

Image: Anders’Lamberg

CEDR Centre for Environmental Design of Renewable Energy



Telemetry: 250 smolts (2003, 2004 and 2008)




Impacts
of strobe
lights

Wall-mounted i\
Strobe Lights / Miter
Galtes
Y

Culvert b

Entrance

Floor-mounted
Strobe Lights

*“; Saltwater

Barrier







Smolt timing model

In(Smolts) =1n (MeanSmoltNumber ) + Const + b, x Tempsum + B, x Temp+
By = Tempdiff + B, x Discharge + 3 = Dischargediff + 3 x1n (Discharge) +
f7 xIn (Temp) + By x Days

1000

800

600

400 -~

O Observed smolt catches
®/ A Model predictions

200

R2=0.60

20 30 40 0 60 70 % Fjeldstad et al., 2012
Days from April 1

CEDREN Centre for Environmental Design of Renewable Energy — - @ wm .




Predictions from route model

Likelihood for o
bypass migration logit(m)=log| (" = 4 xTotal + fx Share

&
e

Total discharge (m3 s)

50 60 70 80 90 100 110 120 130

39 31 25 19 14 11 8 6

46 38 31 24 19 14 11 8

46 38 31 24 19 14 11

46 38 30 24 18 14

45 37 30 24 18

45 37 30 23

53 45 37 29

Proportion of total discharge in bypass
(%)

61 53 44 36

Fjeldstad et al., 2012
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Autumn 0C Isotherm date Spring 0C Isotherm date

' The 2040-71 winter —
' changes in key
- descriptors
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Changes in key lake ice parameters

1961-90 vs 2040-71 scenario
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IB-salmon
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: i ion | ! e
-# Density regulation 3yt smoltification |
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and growth parr

Abiotic input:
Water temperature
Wetted area per
section (discharge)

4 N
-&E Density regulation | ¢
e 7 oty | sea survival |
|
% /":j
” ‘_-:_:Ej? y/

Biological input: Fry

Egg deposition » — /
\ Hatching™

(per section) G | '\
Habitat quality ST | \
(each year) S

," I's N ]
&= maturation |

Fecundity K—

L. Sundt-Hansen, R. Hedger, O. Ugedal, O. Diserud, A. G. Finstad, T. Forseth, L. Tgfte & J. Sauterleute
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The Mandal River

& by Michae! PUfterL011

CEDREN Centre for Environmental Design of Renewable Energy
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Water temperature
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Control scenario
20 4 — A2 scenario
——— B2 scenario
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Flow
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Smolt age control
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e Salmon juveniles grow faster, smoltify younger

e Increased mortality in summers due to reduction
In wetted area

e Reduced recruitment and reduced
production of salmon in future scenario

CEDREN Centre for Environmental Design of Renewable Energy == L @ »ﬂ\ E:__Z'“::*“:.. .




Seasonal requirements

180
160 I
— Natural
140 — Regulated
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1. okt
1. nov. 1
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Environmental impacts of rapid and
frequent flow changes

Knowledge about how, when and where rapid variations in power production
may be done with acceptable impacts on the ecosystem.

el

Physical processes Biological processes




e Hydropower operation with rapid flow
fluctuations

e Physical effects of highly unsteady flow

 Environmental effects of highly
unsteady flow

ACHTUNG
WASSERSCHWALL

CAUTION FLOOD WATER,
ATTENTION FLOTS D'EAI




Numerical approach

Example Nidelva River 4km
upstream of Trondheim

- o Hydropower peaking
scenario

o |Inflow decreases from
Yy ~ 150m3/s to 50m3/s

~ main o Gimulation with Star
streamline

- CCM+ (7.600.000 cells)

— -

“ . cpfain ® R
- streamline

- slowing down
- wetted area decreasing

150m3/s > main streamline shifting

Velocity: M ftudl 1
0.00 1.0 ° 03% aon S?O(m/S) 4.0 5.0 S I d eways




Physical experiments

P I\/_ _ PartICIe I mage VeIOCI metry “elocity field in x direction at a random timestep
Artificial streambed 120
Highly unsteady discharge 100

g a0

%; 80

150 200 250

Artificial
(plastic copy)




3D Hydraulic model simulation and results validation
Star CCM+:

« Commercial 3D code based on the
Reynolds-averaged Navier-Stokes
equations, k-epsilon turbulence model

* Free water surface calculation by
“Volume of Fluid” Method

Discretization

e 850000 cells on rectangular mesh

* 0.35x0.35x0.175m

Analysis

_  Steady Flow at 2, 10, 16 and 20 m3/s
- Unsteady Flow Analysis

Verification
- Observed vs simulated velocity profiles
and water lines

CEDREN Centre for Environmental Design of Renewable Energy



3D Hydraulic model simulation and results validation

Steady simulationResults:

Measured velocities
2 = . + X 2
Measured vs simulated water line at 10.58 m3/s A S SN A S T .
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3D Hydraulic model simulation and results validation

Unsteady Simulation Results:

CEDREN Centre for Environmental Design of Renewable Energy



Effects on bentic macro-invertebrates

Hydropeaking

operation me—meees)  Modification of
the habitat

!

Effect on
 biomass

« abundance
 behaviour
« life cycle

Qualifying and gquantifying this impact to define
locally adapted mitigation measures




Modeling the suitability for benthic
macro-invertebrates In Surna River

One site
upstream power
plant

One site
downstream
power plant
(affected by
hydropeaking)

Powerplant outlet

CEDREN Centre for Environmental Design of Renewable Energy



Suitability for Limnius spp. at the site
affected by hydropeaking

Q=53m'/s
ST Limrius Included parameters:
. S  Water depth
- |« Substrate type
ey o FST-number

vvvvvv
oo

Q=154m’/s
e Frequent drops in B
water level down to =
15.4 m3/s =i
> decrease in suitable BT |
habitat Mo




Fish: Experimental setup in Ims

CENTREFOR
ENVIRONMENT-
FRIENDLY ENERGY
RESEARCH




Results: Winter

Percentage of body fat in each treatment, winter

Wet weight - percentage of fat relationship, winter
o]
o
- *
*
*
- . &
[o3] - - & . Fy |
“ - " ) ‘o’ * - o
4 0‘ s " ‘o -* ° - '0' :
a A 'y “ - ry .{"' - Y -
= a4 Wocwlian  tea =
A . T . =
= ¢ & ‘ 4a = -
“[E P N . . .- Fy 0’ 0: a ““_j i
] - =
=] v  uy e * o o |
=] - * . * (=] — e
o AA‘ + @ e i
© Ay s . i i
. :
o at oy
0 © e l .
L L Treatment : :
A B Control B Experimental - —_—
< g
| | | | | o
5 10 15 20 25 | | |
Wet weight [g] base contr expe
Treatment

Flow fluctuations had no effect on body fat
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Fish surviving stranding
- experimental setup In Ims

CENTREFOR
ENVIRONMENT-
FRIENDLY ENERGY
RESEARCH




Results: Winter

Wet weight - loss of body mass (in %) relation, winter Loss of body mass (in %) in each treatment, winter
(o)
w0 * Treatment 2
B Control B Experimental
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Wet weight [g] Treatment

Survivers of stranding had significant less body mass
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Growth of fish in peaking environment
- experimental setup in Paltamo (Finland)

CENTREFOR
ENVIRONMENT-
FRIENDLY ENERGY
RESEARCH

CEDREN Centre for Environmental Design of Renewable Energy = ,'/A\



Results: Winter

Fork length, winter end Body weight, winter end Body fat, winter end
o 2 _ .
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Treatment Treatment Treatment

CENTRE FOR
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Results: Summer

Body weight, summer end Body fat, summer end
=
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Significant effects on:

* body weight - control fish 2.56 g (= 10.3%) heavier;
* body fat = control fish have 0.25 g (= 16.6%) more body fat







Average number of salmo

o _|
Presence of salmon at
< 4 the spawning ground
affected by variability in
~ water discharge

Range in water discharge

Nest digging within an
hour after a typical
hydropeaking event

Nest digging
2
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Salmon spawning
behavior
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Linking Population and Habitat Model

Effects of hydropeaking
on the Atlantic salmon
populations...

Engineers’ view
Hydraulic Habitat Mode

Biologists® view
Population Models

...on large temporal
and/or spatial scales

CEDREN Centre for Environmental Design of Renewable Energy



Linking Population and Habitat Model

Hydraulic Habitat
Model

CASIMIR stranding

multivariate fuzzy
hydraulic habit

Population Model
IB-salmon

mechanistic ecological




Linkage concept

1. identification of CASIMIR
characteristic reaches stranding

2. If necessary 1D
simulation to account
for attenuation

3. assignment to 50m
sequences

River Sequence
Number

1 2 3 X

IB-salmon
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Linking Population and Habitat Model

Topography
of characterisic
river reaches

Basis Habitat K
Determination

Expert of hydraulically
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suitability setin I I
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. water depth "high" -
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[flow velocity "medium”
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| v THEN N knowledge
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2D hydraulic model fuzzy rules
- IF Stranding
change in risk on single
Change of water depth "high" X & e e
E—Ivdrograph Evater deDtF AND peaking event
basis habitat
2] suitability "high"

THEN
stranding "high"

factor

-_V

Age R

S N Annual
ST Egg abundance pa\;\fnllng O | treshwate
up date £6 2 ‘ adult fishing

@ abundance mortality,

dependent
stranding
@ Returning H
(Wetted area)—@)[ Swim-up density ] adult rl S k

@ abundance

Nr. recruited into fry
@

Fry abundance

@

emperature @

1B-

Non-monotonic

Parr density-

Nr. recruited into parr independent I
l I l l l N mortalit
S a O Parr @ Y Adult

biomass abundance at

density
Parr density-

dependent
mortality

W
CEDREN [ Growth Parr Smolting Pgst—;mnlt
. rate l | size probability abundance Smolt
Centre for Environmental Des ® g mortality




Hydropeaking in Europe

Legend

®  EFI+ sites with hydropeaking
EFl+sites

Hydropeaking EFl+sites
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Development of a computer-based wave
detector - Observed parameters

Parameters
(Increase=IC and decrease=DC)

« Duration dt (min)

« Mean IC/DC
[m3/s/min]

« Maximum IC/DC
[Mm3/s/min]

« Total IC/DC dQ IC/DC
[m3/s/event]

N
7

Increase Decrease
(1C) (DC)
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Norwegian, Austrian and Reference Rivers
Sum dQ _IC — Events 2008 (m3/s) (n=500)

Sum of discharge fluctuations; Increase-Events (m3/s) 2008
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https://www.cia.gov/library/publications/the-world-factbook/flags/flagtemplate_no.html
https://www.cia.gov/library/publications/the-world-factbook/flags/flagtemplate_au.html




Norwegian
hydropower

Natural lakes used as reserv0|rs
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« Hundreds of large reservoirs

« 20 reservoirs with more than 100
Mm?3 both up- and downstream
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Simulated wind production in the North Sea area In
2030 — 100 000 MW installed capacity
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September

July
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CEDREN Case
study 2030

CEDREN Centre for Environmental Design of Renewable Energy



Veagine

“". The technical potential

= :
\_ﬁﬁj‘ 25 Rl rhrmusn
4 ) CE——— T

T frida
uﬂ BT skarihen Pt e
TVE'TEANO Oystad Mikrokraftverk ' b
y = (]
=My Onllen e tled I.l . ; ;

i e L B Sk,

-.HELGMEBH"‘\ _
r Fiewng- b, o | {

Lt
STEINE
-‘»_—1-‘:‘ Ty \}m;a!,ﬁ algosg \R:\‘,Ipuagdlﬁllkrokraﬁuak
Makhllofl 2= s‘?ﬂﬂ“ﬂ" hesioh ISHE B 3 A :
[12] 'I'JBS'EJ-ELM{WI S = & d3lane : \
- . W L]
! Lol i beer : er- 1 Steinheli r{\_{
~ J . ::
1

2 [ '
L] ,j

- #
Grondpbl g

RN
Jﬂvakwrﬁmw‘\
“'r-{ |S
o st

k=M=l
LT |

kL “f: T
e ,}.\ LY ateadabiheid =« i Rk
fa | ..1:---'4||| : 2 y
B -\5\ J‘[/I = By IF-I"H sruben P l“ ; 3 "-__L. 1 i Gl SR otz ke BT T
LRk - % - =
A e 1) P L A > L — ) 7 i
S i
L e m.'ﬁ:& =
e I .
Hapen - - W ped S .
Lzipitn =
= ey g
by nukan:
i
\ ¥ Vassgs
==\l i o i mE
= e b ! Sa Eykleheiane
sl
a4
Suehes Y
Sisra Bl A0 |
- HAcra B LAl o L I
e s 2 . - "
g I.':uﬂ.‘h + ' k e i Monait Flavhsi &
stoLspasTolRoyf # HOLEN IIHOLEN 11 )
s heis s P y — Srcad f| Hs i /.-.’/
". c FleTar
_ﬁg 1 endagad Natithe |I ;_"- By rsion] e
W) Dl L aiR . e’
4 £l HE TS (S e -~ e
ini Jorinddil s :
inikraftvark Friqards Arsta o il :
e & heia L s . S
3] ' ! S Fntiten Torsleinke i . iy
F iedlsoneden Lodw s Fice
1 F -
ke I'm el and hEIane v s 5 T ) -
Cich | = it s |
i Pk Bads o ek b Le . I 4 o lpnitan
hmmm i v : jous sermibbe § L B 1 r -
— Lusalieia 1 Fl o T L=
/
= = 1 Fiaiz¢ags
s fikn g . | 3 e
st SR "I_' = ' W & . e ioaanl
T = Lapdbbaty . b ; horneh e
WSS 1934 | ITH Pome 33M - ] F - ot
Hei Slarans® P Ay ahdeten f ’ e — —
= = ) ! BmddEnwen
s ki ! { ARE x=0 y=1
.

CEDREN Centre for Environmental Design of Renewable Energy




Veagine

!Lwa .«-Hjorq eelva

ﬁf . The technical potential

P LT skargien Frmps R i -~
Ng'ﬂy:tad Ikrokrafiverk ' e
u ]

hES? Jlﬂ. Emoniben ¥
5 \ ikrokraftverk J/ pgbied Rt et &
S O E Fiewna- g e {'

\___ sSTEINE e
= \i} \}Il’lﬁl!’,—-—-\r T
L\" 2= S

ok tha L L -

8
(3] - TIOS T TV Farx 3 . AN .
FEE N \ AL o - ' : v A
Jﬂvaerﬁmw 4 ’ el = o
{ I'. 1 Lol i beer N 1 Stein el
"t' IS_ Sletafiells > | — & Padh ] ¥
;L ‘-f.' i ety -1 N .
I - . * el
e l-. B 8 Vtesdaksbeid reniiphley o e \=._I' - TR
ik 2 Ewesoany z ’ _— i A
Ll - Savalia 9 = gl g -
\“ e Fh zriuben L L £p . Shtape - - =3 T htboskurve \_\ o o P
‘IHIII Sl S o bon J "f o ean 4 F : e Ui e .
il 2 5 [ S e - i 3
i3> el = . g = : S~
f e b ShEinaEn B, | =
St r & : s

\
Tl lapd

_-__-‘_-"-::—_v“-w
) L |r

~20 000 MW in southern Norway p055|ble

\¥
H:1:

- including ~10 000 |\/|W pump turbines =

’?f.t?'."l%-!rLﬁ‘"‘
Flavhan \! '1\!«' - ,f.'#j

% S Heosain §
STﬂLEDﬁLﬁTﬂ&M | A : " HO N H'HIC'LEN |_|| B 1§ K.- |
e rahes : - : i Hrcnda el i i e s .
[ iy i kl’E‘_}l
i o i [ ¥ - - L "'I_E : e
_ﬁgl il ot a3 . 7 : By i 4.._.. Y|
i j.- N e ! — — — il
i ! B g : k- Lmili TN — ! EErs ;h'l‘
i I el WL ] k BE Py
inikraftverk L. Rt oy L & = AUl g . o \9‘,&1' bl
e [ 2 pien st idfed g ndul;-m;. s - .\. o
. e . | v 5 Hiakal } &)
F il Isotpden ! Eodataui ] Shepbimnn hean e ARG
Erhes I'm el an d hEIane ¥ L, ) ; c ' ~
% g = redrifisi . s ik 7
e 34 T ¥ = ! iy
il gssbermibbe. § \ ’ e =
LI TLsatreia T f T T S 7 Bosdi&n
d i 1 Rl fass W
T Fibon L - ! Y el
ot B "I_' e 1 .1 y 7 . L ani .\s.-i
§ e & r
) ap oty 2 in o 4 Lrinkf Ik by
WA 1%L |rerm=.W_q - [ ; L& . s
ek ot ol LRt areen ¥ Y e —
y T ' . Beiddnusn
Faninn e * ) ] / L %= y=0
w













Threatening
biodiversity ?

Impacts on fish?
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pDetalled
simulations of
PSP with outlet
INto Suldalsvatn
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10 m depth iIn summer - today
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10 m depth In summer — with PSP
Production phase

\\

Hylen HPP
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10 m depth In summer — with PSP
Pumping phase

Hylen HPP

Kvilldal HPP




Results

16

. Intense vertical mixing T T

through the water = T - sommorunm hr
column hy

« Colder temperature In
the downstream river
Suldalslagen during R
summer and autumn if »
water comes directly i A
from Blasjg )

. Strong currents appear : " 4
next to the new power T i :
plant I AN

.
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Drawdown zone exposed
— changed pattern?




Water level variations

Stage Holen - upper reservoir
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Water level variations

Stage Holen - lower reservoir
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Soclal acceptance







Large plants — large impacts?

Long history of conflicts

Resistance formed the
environmental movement

V = Laveste requlerte vannstan
L = Lengde
A= Areal

Source: Statkraft




Photo; Statkra

Small plants — small impacts?

Accumulated effects?

_ Y le \
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An extreme example from China

Small hydropower (< 50 MW): XXLarge Three Gorges:
« More than 1000 plants built * 1 huge plant

 Producing 2.5 TWh/a * Producing 96 TWh/a

In order to produce the same energy output from Three
Gorges project, approximately 40 000 small hydropower
plants (< 50 MW) must be constructed.

What are the accumulated environmental (and social)
Impacts?
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Results: Comparison of impacts

Latge negative

— Mediam negative
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Comments to the results

Small-scale HP scores 'worse'
(more negative/less positive)
on the following topics:

= |ce conditions/local climate
= Recreation

= Fish

= Nature resources

Large negative |

Medium negative
Small negative

Insignificant

Small positive |

Medium positive |

bodldlidn, v

.Av:rug: larger HP-project
B 5um of 27 small

Large positive |

& ¥ &

3 _@\5‘ & & & & &% & 3 & &
& ¢ : £ o & ™ i & 5&'
& & ¥ & \& < ¥ < N

%?
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“’f,b,
04@
4
%
4
%

Large HP scores 'worse' (more negative) in the category water

temperature

» The scores differ with only one impact level
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Is salmon more important than moss?

IERob Broekhuis

Who to assign values/priorities to the environment?

* Researchers?

« Management authorities?
* The majority?

* Other stakeholders?

CEDREN Centre for Environmental Design of Renewable Energy



Conclusions

e Rivers are smaller, shallower and narrower at
the upstream end compared to the
downstream end — most of the times

« Rivers are wet — Iif they are not dry
« Bullet points are boring....

CEDREN Centre for Environmental Design of Renewable Energy
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