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Small Flex scCER Fp SoE
Context of the SmallFLEX project

Revision of the Swiss Energy Ordinance —01.01.2018

Feed-in tariff at cost (KEV) has been changed to encourage small
producers to produce electricity according to the demand or in other
words to follow the energy market.

Even small hydropower plants have to be more flexible | What can be the
degree of freedom for small run-of-river HPP ?

SMALL FLEX Project : a demonstrator to show how small hydropower
plants can be flexible and provide winter peak energy as well as ancillary
services, whilst remaining eco-compatible.
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Small Flex Case study : KW Gletsch-Oberwald

Rhone - Gletsch, Tageswerte 1956-2014
(provisorische Daten)

Run-of- the-river power plant

s Jahr 2016
o [aximum
- Mittel

= Minimum

Net head : 288 mCE

Installed discharge : 5.7 m3/s
Installed capacity : 14 MW
Expected production : 41 GWh/year
Mean gross capacity : 4.68 MW

1.Jan. 1.Feb. 1.Mrz. 1. Apr. 1.Mai 1.Jun. 1.Jul 1. Aug. 1.Sep. 1.0k 1.Nov. 1.Dez
Daten: Abt. Hydrologie, BAFU: 11.02.2016 09:36

@ Power Vision Engineering Hes ‘SO ‘
SEANY EPFL @ .eawag
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Small Flex Project organisation scCER S SoE

Task 2.
Hydraulic Machines
flexibility ?

HES SO, EPFL LMH & PVE

Task 3.

wa;ars:t:,.ra e Added Value of Flow

otential 'Jg What is the & sediments
: o flexibility forecastsin Gletsch?

EPFL ICH s
potential of the WSI

Gletsch-

Oberwald SHP ?

Task 4.

Ecological impacts?
EAWAG

FMN Q Power Vision Engineering  HI@ S-S0 =PrL @ aquatg'rﬂmah'gooo
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SmallFlex Identified storage volume scceRSsoE

Terrain
Gletsch

Rhéne
1750 m.s.m.
-

|
g Specific gates to connect the
settling basin and forebay tank

Oberwald

Rhéne Galerie en charge : 2117Tm 132 % D=2 =

1/3 headrace Settling basin and
tunnel ~ 6’400 m3 forebay tank ~ 2’500 m3

Additional volume Available volume
for the 2nd campaign for the 1st campaign

1450 m.s.m.
Canal de fuite : Centrale en caverne ;
120m 2 turbines Pelton

=Pr-L Hes-so
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Small Flex SCCER 5 SoE
Forecast of the inflow

INCA-CH + COSMO1 forecast COSMO-E forecast for the test campaign

Meteorological Forecast Initialization -
Validation 2020-05-04

on'ls)

5
-\/_/V\-A/\/A
2

Operational forecast for the inflow at Gletsch: Validation of the forecast in May
 INCA-CH forecast 6h .
* Seamless extension combining INCA-CH +

COSMO-1 forecast 33h . :
e + COSMO E - Ensemble forecast system (21 - : :
members) with lead-times of 5.5 days ‘ \_/\(J*/\—-W\v*""\/\"‘“’“* :
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Small Flex SCCER 5 SoE
Monitoring of the power plant

- Camera in the forebay chamber

- Turbidity measurements

- Monitoring of main quantities of the turbine

- Hydro-Clone® system for the whole power plant

- Field measurements & water level in the
downstream alluvial area

Power plant PLC
Data (Modbus)
fsample=10Hz

Real-Time Simulation

S g g
=3 5 conditions

Hydro-Clone PC
Simulation,
Acquisition,
Data processing

SIMSEN s
Hes so @ Power Vision Engineering “PrL
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Small Flex SCCER 5 SoE
1D Simulation

1D Simsen simulation of the HPP to determine :
- frequency containment reserve (FCR) capability

- «Falaise effect» limits

—— PMaxLim [MW]_—— PMeanLim [MW] —— PMinLim [MW] _—— PUnit[MW] ___—— FGrid [Hz] 2nd_|

Gletsch-Oberwald SIMSEN model with turbine governor ° > Swissgrid criteria OK!

85 506
Hydro-Clone SmallFlex 2018 mode hivernal . 504
lton: 2x7.55MW=151MW z=1746 msm 2=1746 msm
= = 502
Pr=7.55 MW 2=1747.45 msm 2=1747.45 msm 5
287.5 mCE QinsQdev+Qgate
ind 7 50
Hbmax = 287.9 mCE Aot | QiniQdev
N Clapet || Clapet | st |
an=29mys _
Nn = 600 trimi ouvent > formé 5 e
= 000 wmin 2=1738.28 msm O | z=1739.28 msm
6 120 496
Chambre de miss
l
Prise d Qi Dessable en charg ) 55 110 w04
sim ‘Out Turbines  OutSandTrap  Out Penstock

out

rendement transformateur
&t générateur

° Jr—i" - .:,
R
PID Frog
e 2 .
Reg

@ Power Vision Engineering
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Small Fiex SCCER S SoE
3D Flow Numerical simulation

3D Flow numerical simulation in part of the turbine to
- predict the influence of the head reduction on the jet quality

- provide velocity profiles in the jet for the simulations in the Pelton runner

From nominal head to the lowest tested head ’
I i OpenFOAM
:- Q‘ h IL?
I
Hes so
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Small Fiex SCCER S SoE
3D Flow Numerical simulation

3D Flow numerical simulation in part of the Pelton runner to predict the influence of
the head reduction on the runner and subsequent fatigue.

From nominal head to the lowest tested head - -
_________________ R ‘ é 10 zw
* @ VYV
‘ a ¥ = { )
S, | GPU-SPHEROS . o ,
\ ¥ % 4" : ‘ \ 9" 6, 0= 0, =0, 0= 6,
Section 2 «—— } ;’l ¥ | /'/' \ : ‘ | © H=190m  §=49% N H=205 §=49%
} ) .\ A :’7 -"X T I T I I I I I I I
—————— ———L-| ! ,"/ . : 50 50
| L] s D /
= 4 N | £ ;" W
L \ \_l_ ______________ | 20
el | 076, 0”0, 06 6" 0,

Domain simulated with
Domain simulated with FVPM (GPU-SPHEROS)
FVM (OpenFOAM)

=P-L Hes
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First campaign
ScC
Small Fiex Novermber 2018 ER S SoE

Smart storage used : Settling basin & Forebay chamber P 3
On site Monitoring : Power plant & alluvialarea @ -~ .

RRRRR

12117Tm 13, 2%D=2 .8m

eeeeeeeeeeeeeeeeeee
Settling basin and

f G e foreay tank ~ 2500
Provide the forecast of the discharge during the tests and @
participate to the set up of the program for the tests wsL
p
Define scenarios according to the available storage volume and monitor the cprEL
sediments
\.

Propose a production program of the power plant for the tests and monitor Hes
the behavior of the power plant from the intake to the turbine. i\ EPFL

- @ Power Vision Engineering

Monitor the effect of hydropeaking on macroinvertebrates in the alluvial

eawag
area. aquatic researc

000
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First campaign
Small Fiex Novermber 2018 SCCER 5 SoE

15t & 2"d weeks : 5 production peaks of 15min to generate hydro-peaking events
in the alluvial area

3'd week : Full program with several production peaks between 15min

| -
Q) —
2|z
o |3 . . .
a | = Focus on hydro-peaking events in the alluvial area Focus on energy demand
=== Ohl5
6.57T == 0h30
1h00
2h00
3 1
1.5
: | | —>
0 (c0} 0 0 o0 0 o0 o0 0 o0 o0
— i —i — <« i —i — —i — i
- - - — - R N RPN
i . IR B R I B B B
0 (o] (@) — O N~ 0 a O
o — i AN N N (@l N N o o

02.11.2020 SCCER SoE Annual Conference 2020 - SmallFLEX 12



First campaign

Small Flex November 2018

éawag

aquatic research
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0 0
13:00 13:30 14:00
Nov 08, 2018

DAYS

D= 0
13:00 13:30 14:00
Nov 16, 2018

DAYS

0 0
13:00 13:30 14:.00
Nov 19, 2018

2 DAYS

(1] 0
13:00 13:30 14:00
Nov 21, 2018

08.11.19 — ——
19.11.19 ———
211119 .
22,1119 .

16.11.19

0 S )]
13:00 13:30 14:00

Nov 22, 2018

1 DAY

No significant change observed
in the drift abundance, but clear

decreasing trends for some
individual taxa, for recovery
times between hydropeaking

events decreasing from 8 days
to 24 hours.

‘ Careful monitoring of longer term ecosystem response required in case of pilot implementation.

“Macroinvertebrate recovery to varying hydropeaking frequency: a small hydropower plant experiment”,
C. K. Aksamit, M. Carolli, D. Vanzo, C. Weber, M. Schmid, under revision, Frontiers
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First campaign
Small Flex November 2018
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Adopting the smart storage operations allows to increase )] ‘ ‘
the energy production and provide ancillary services L

-

26.11.19
27.11.19
28.11.19
29.11.19
30.11.19
01.12.19

Injected power by KWGO during the 3rd week of the 1st campaign
November 2018
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26.11.2018 12:00
27.11.2018 00:00
27.11.2018 12:00
28.11.2018 00:00
28.11.2018 12:00
29.11.2018 00:00
29.11.2018 12:00
30.11.2018 00:00
30.11.2018 12:00
01.12.2018 00:00

“Introducing flexibility in alpine small hydropower plants using smart storage”,
Zordan J., Manso P. A., Gaspoz A., Miinch-Alligné C., Crettenand S. Proceedings of the Hydro2019, Porto, Portugal
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Second campaign
Small Flex palg SCCER5$0E

May 2020

Smart storage used :

Settling basin, Forebay chamber //\w/ /\\/
& part of the headrace tunnel -

Gletsch

Rhéne
1750 m.s.m.

-

Oberwald S o/ e

Dessableur

Prise d'eau
tyrolienne

H 1 1 . Rhéne 77 Galerie en charge : 2117m 13.2 % D =2.8m
On site Monitoring : e :
. Canal de fuite : Centrale en caverne :
Power plant & water level in —
1 ettling basin + forebay tank
the a"u‘"al area ilt;3 P:geadrace tunnely~t8’900 m3
. . . \
[Prowde the forecast of the discharge during the tests
WSL
J
: Hes so)
Propose a production program of the power plant for the tests and
monitor the behavior of the power plant from the intake to the FM{,‘%.
alluvial area. @ Power Vision Engineering
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Second campaign
scc S
Small Flex Viay 2020 ER S SoE

2 days campaign : 3 cycles of headrace tunnel dewatering/filling using the full storage

capacity in safe conditions to provide production peaks

At = 3h35 At = 2h52 At = 2h30 At = 1h32 At = 1h15 At =1h15
E=12.8 MWh E =0.53 MWh E=8.7 MWh E=0.44 MWh E=58MWh E=0MWh

300

250

200

[MCE]
2
[

P [MW]

repartiteur

-

o

S
&

H

— - ——-—

I_u-—
"
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May 05, 12:00 May 05, 18:00 May 06, 00:00 May 06, 06:00 May 06, 12:00 May 06, 18:00

“Production flexibility of small run-of-river power plants: KWGO case study”, A.Gaspoz, J. Decaix, V. Hasmatuchi,
M. Dreyer, C. Nicolet, S. Crettenand, C. Miinch-Alligné presented at Hydro2020 on IEA Hidden Hydro Session
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Small Fiex e Mca?,rgggbg " SCCER 5 SoE

max

Investigation of the HPP behavior for
different operating conditions.

max

3 Efficiency
=
Efficiency

Determination of the on-site global
efficiency hill chart with the “Falaise
effect”

max

min

Flexibility of the HPP has been
challenged up to the final target.

0 | |=—Chute

Identification of the operation limits
using the smart storage.

50 I I I 3
May 05, 00:00 May 05, 12:00 May 06, 00:00 May 06, 12:00 May 07, 00:00

Finalization of data analysis and economical analysis on-going, expected for the end of 2020
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Small Fiex SCCER S SoE
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