0—‘\!=lll_/—° | .

AMP-Hydro

Date: 3rd July 2024

Location: Online

PEN@Hydropower — WG1 pro. Aonghus Micabol

Hydropower digitalisation in Southern Europe: Opportunities and

VA Trinity College Dublin
challenges for increased flexibility and flow forecasting

N Colaiste na Trionéide, Baile Atha Cliath
« 18 ;

)~ A ¢ The University of Dublin
EirtE d

This project has received funding from the European Union’s Horizon Europe 1 - —
research and innovation programme under grant agreement No. 101122167. —/—_..




Introduction

Digitalisation of the energy system

e EU electricity sector undergoing a fundamental change
with the increase of digitalisation

e Digitalisation means embedding sensors, data collection
and amassing big data resources for the optimisation of

energy systems

 Hydropower Digitalisation has implications for increasing
energy storage capacity:

* More efficient use of water resources
* Sensors, Digital Twins & Forecasting Systems

* Increased flexibility and predictability of storage
capacities
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Introduction
Grid Flexibility, Renewable Energy & Electrification
Challenge Nucleas Power Plant

* More variable source renewables

1P Plant
Factocles 2 Theemal Power
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* Less conventional sources Hydeaulic

Parweer generation

* Greater demand for electricity

Hydropower
* Start/stop quickly (dispatchable)
* Energy Storage
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* Predictable / less variable
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* More off-design operation

* More hydro-peaking Electric Vehicle Wind Pomer Plant

* Climate change challenges
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Introduction

Hydropower & Digitalisation

 Hydropower represents one sixth of global electricity generation

* Provides significant contribution to grid flexibility and security 1938 JUNEER A

Renewables in the energy mix (2021)

 However the fleet is aged and requires significant modernisation works
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Age profile of installed hydropower capacity, 2020
(Source: Hydropower Special Market Reports, International Energy Agency)
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Problem Statement

* Digitalisation required to increase grid flexibility,
environmental and socio-economic sustainability
and to foster the green and digital transitions in
Europe.

* The digitalisation of the world's 1225 GW of existing
hydro could increase annual production by 42 TWh,
amounting to 5 billion USD in annual operational
savings and significant reductions of greenhouse
gas emissions

Increasing VREs

Ageing
hydropower
plants

Improved
availability
flexibility of

the fleet

Need for data-driven operation to maximise efficiency &

power output, manage environmental impacts




~

Project Objectives

Al

1. Co-develop and validate novel condition monitoring and
predictive maintenance digital solution at TRL5 for
hydromechanical and electrical equipment.

2. Co-develop and validate advanced sensors and models for
the monitoring of biodiversity parameters for an ecologically
optimised hydropower operation to improve biodiversity,
environmental and socio-economic sustainability of existing
plants

3. Co-develop and validate enhanced weather and flow
forecasting models for improvement in reservoir inflow,
outflow and water balance prediction accuracy
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Project Objectives

4,

Co-develop secure data collection, communication, storage
and sharing protocols and standards to enable trusted data-
driven operation and maintenance, and interoperability
between hydro operators, and with other renewable energy
sources

Co-develop and validate iAMP decision-making algorithms
for data-driven O&M, including integration of operations
with other renewable energy sources to increase flexibility
and optimise hydro positioning in energy markets

Widespread dissemination and communication of the
potential benefits of digital solutions & gathering evidence
for policy makers
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* R6 Evidence of current baseline and achievable improvements in 5 existing hydropower plants *



La Vega (2.4 MW)

Makrochori (10.8 MW) Asomata (108 MW)
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WP6 & WP7 objective

Co-develop enhanced weather and flow forecasting
models using operational data from power plants and
open source data in differing climates, with differing
power capacities and flow regimes achieving >23%
improvement in reservoir inflow, outflow and water
balance prediction accuracy, from hourly up to 7-day
time horizons



o Al-based: Deep learning (DL): recurrent neural
networks (RNN) = Long Short-Term Memory
(LSTM) networks

o Al based: Machine learning (ML): classification
algorithms = random forest (RF) or support
vector machine

o General linear model

o Existing physical models (SWAT, HBV)
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Hybrid Flow forecasting models

Ensemble

Database

Model 3

l l
Output 1 Output 3
l x0.7 l x0.2
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Bermejales

CUERVA, CARTIF
€ Cuerva

[raoe] GARTIF
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Bermejales

2.1
Dam base
Arenas del Rey (Granada)

56.b

0.8-4.8
102.6
750

Francis

Irrigation
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Diversion from
Alhama River
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Starage (hm™3)

Flow (m*3/s)
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Bermejales

Storage
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—— Storage

T
2010
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) . Time .
Turbined & discharge from reservoir

T
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U
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T
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T
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Turbined Flow
Discharge from reservoir

T
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T
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2014 2016
time

T
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T
2020

T
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T
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Since 2010, the total volume in the reservoir
has decreased from 100 hm?3 to 20 hm?3:
Severe drought and change in the irrigation
scheme:

Discharge (for downstream irrigation):
2010-2021: 9 months (March to Nov).

2022: 5 months (June — Oct).

2023: 4 months (July — Oct, 10 days per month)

Turbined Flow:
2018- July 2022: 5 years of operation of the HPP
August 2022-2023: out of operation

Source: Sistema automdtico Informacion hidrogrdfica (SAIH) : https://www.chguadalquivir.es/saih/EmbalGR.aspx
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Bermejales

Storage
Conclusions:

v Drought & Irrigation impacting available Flow

v" New smaller turbine required to avail of reduced
storage capacity

Data needs:
1. Operation range of the current Francis turbine
2. Irrigation schemes by the River basin Authority

2018 2019 2020 2021 2022 2023 2024

Forecast of the annual water storage in the short-medium term (2030), depending on:

v
v

Different irrigation schemes: 5 months, 4 months (10 days per month), others
Different precipitation scenarios
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Asomata Reservoir / HPP
Agia Varvara Reservoir / Makrochori SHPP

PPC / PPCR, POLI

%PC

( Renewables

nnovation = Development » Environment
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AEH A.E. - EPTA AANIAKMONA waorEa
'PPC S.A.-ALIAKMON RIVER H.E.P. SCHEKIIE

YHE MAKPOXQPIO )
MAKROHORI HEP.
z

©EZZAAONIKH
THESSALONIKI

A.KALTOPIAL
L.KASTORIA

AIFINIO
EGINIO [

APPYOMIZH

YHE ZO®HKIAZ
SFIKIA HEP

YHE MOAY®YTOY
POLYPHYTO HEP

KATEPINH
KATERINI

IPEBENA
GREVENA @

YMNOMNHMA - LEGEND

5 YHE ZE AEITOYPIIA
it HEP IN OPERATION
YHE IAAPIQNA
YHE YNO KATAIKEYH
ILARION HEP
YHE AZQMATON HEP UNDER CONSTRUCTION
ASSOMATA HEP YHE YNO EZETATH
HEP UNDER CONSIDERATION
% P ° TYNOX ®PArMATOZ: XQMATINO
LY ELAFI HEP TYPE OF DAM  : EARTHFILL
e TSN - . YWOE OPATMATOE : o,
YHE EAAOIOY HEIGHT OF DAM  : ANAPP. EPFO AT. BAPBAPAZ
\\-~ SYNONKH IEXYE AGHIA VARVARA REREG. PROJECT
ELAFI HEP F 2x57 MW
TYNOZ ®PArMATOZ : XQMATINO

TOTAL CAPACITY

TYNOX ®PArMATOZ: XQMATINO
A.LA EL. 291,00 MPR
TYPE OF DAM : EARTHFILL

TYPE OF DAM : EARTHFILL

YHE IAAPIONA

YWOI OPArMATOX : ILARION HEP

YWOZ OPATMATOX : 1“m
15M HEIGHT OF DAM  :
HEIGHT OF DAM  :
TYNOZ ®PATMATOZ : XQMATINO

TYPE OF DAM : EARTHFILL

YHE MOAY®YTOY

IYNOAIKH IEXYZ : 2Xx65 MW POLYPHYTO HEP

TOTAL CAPACITY : * 2
1X5 MW YWOZ OPATMATOZ : .
HEIGHT OF DAM  :

EL.146,00 ZYNOAIKH IZXYZ

Y 1X0.92 Mw
TOTAL CAPACITY 2

TYNOZ OPATMATOZ: AIGOPPINTO  YHE IOHKIAZ

YHE MAKPOXQPIOY
TYPE OF DAM ¢ ROCKFILL SFIKIA HEP MAKROHORI HEP
SYNOAIKH IEXYE @ 2X70.7 MW YWOZ OPATMATOE : 1) 1o TYNOZ OPATMATOE : AIGOPPINTO  N\bkofi 200 IYNONIKH IEXYE &, o
bsiispeediniaadiion: EcaT OF oAt & TYPE OF DAM : ROCKFILL g :
1X4.3 MW

TOTAL CAPACITY
ZYNOAIKH IZXYZ

TOTAL CAPACITY

. YWOI OPATMATOE : go

* 3X125 MW  HEIGHT OF DAM : 1

: IYNOAIKH IEXYE  : y
TOTAL CAPACITY : 3 X105 MW



Asomata
reservoir & HPP
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Energy for everyone

Aliakmon Hydroelectric Scheme
Assomata HPP

Location: Central Macedonia,
Imathia prefecture
Purpose: hydropower,
irrigation
Commercial operat.: 1985
Installed power: 108 MW
(2x54)
Francis type turbines
Mean an. Product.: 130 GWH
Dam: earthfill, 52 m height
Reserv. net cap.: 10 m.c.m.

Public Power Corporation S.A

19




Agia Varvara

Energy for everyone

. Aliakmon Hydroelectric Scheme
re S e rVO | r Reregulation Reservoir & New Reregulation Aghia Varvara Small HPP
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Makrochori

Energy for everyone

S H P P Aliakmon Hydroelectric Scheme

Makrochori small HPP
Principle of operation describe

Location: Central Macedonia,

Makrochori as a run of the river : lmthia prefecture
urpose: ropower,
(ROR) SHPP. irr?gaticr:n,
[MAKROHORI SHPP TECHNICAL water supply
Commercial operat.: 1992
DESCRIPTION rev.pb.pdf] Installed power: 10,8 MW
(3x3,6)

Caplan tubular S type turb.
Mean an. Product.: 30 GWH

30

Public Power Corporation S.A
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Agia Varvara reservoir / Makrochori SHPP (PPCR

Data from PPCR - Daily values for the period 2008-2023 for:

Agia Varvara reservoir: level, volume [th.m3], variation of volume, total inflow, overflow, outflow from Asomata,
ecological flow, water supply for Thessaloniki, for irrigation, irrigation before and after Makrochori, drainage water into
the river, natural inflow;

Makrochori: Energy generation [MWh] per unit and total, Aux cons, Net prod, Max power, Hours of operation and out
of availability per unit, No of starts, overflow, used for energy generation, specific consumption, efficiency.
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Agia Varvara reserv0|r/ I\/Iakrochorl SHPP (PPCR)

Ensemble Approach —

Investigating various statistical, Al and physical modelling

methods: V\

 Time series forecasting: Autoregression & Moving o ~

 Data: daily recorded values from 2010 to 2021 for reservoir =« S
inflows, levels and energy generation il

e Forecast: for next 7 days and 365 days. T T

_ LEVEL, RMSE=0.269
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Agia Varvara reservoir / Makrochori SHPP (PPCR)

42 T T = T T T

Recurrent neural network LEVEL, L [masl]

Levenberg-Marquardt algorithm,
RMSE=0.3644 (KPl: RMSE—>0)

Scaled Conjugate Gradient,
RMSE=0.4649 (KPl: RMSE—>0)

41.9

41.8

— 417
Input: daily values x(1:end-2) @
. =
Output: daily values x(3:end) =R
Hidden layer: 10 neurons
where: x = variable (inflow, level, energy) 115
41 .41 —o— predicted-Levenberg-Marquardt algorithm
—~— predicted -Scaled Conjugate Gradient
—*%— measured
413 | | - - - -
1 2 3 4 5 6 7
day
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Agia Varvara reservoir /
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ENERGY, 2021, RMSE=25 (for 365 days forecasting)
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ENERGY, 2022, RMSE=18.77 (for 365 days forecasting)
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Agia Varvara reservoir /

PN
‘lv

)

i

\Y

LEVEL, 2021, RMSE=0.1192 (for 365 days forecasting)

22r

0t
M8t
HE
M4+

L[masl]

4.2r

M“r
408 -
406

measured
predicted RNA |

Jan 2021

ydro=="

Apr 2021

03.07.2024

Jul 2021

Time [day]

Oct 2021

Jan 2022

.

krochori SHPP (

-

LEVEL, 2022, RMSE=0.3020 (for 365 days forecasting)

425

42

415

L[masl]

405

40 -

39.5

4+

| measured
predicted RNA

'W Ff J'HMMMW MW}* f

i [ | |
|

Jan |2022 Apr I2022 Jul 2|022 Oct I2022 Jan 2023
Time [day]
26 _._/—0—‘_.



Agia Varvara reservoir /

V[mil.m3]

-/(\“' 25

J

Ma

krochori SH

INFLOW, 2021, RMSE=1.63 (for 365 days forecasting)

15 T T T T
measured
predicted RNA
10 -
| /)
i |
( f
5 - ||
\“
v 'y
WY
| \' \ | | \
i ol g i\l 1
o 1 | 1 |
Jan 2021 Apr 2021 Jul 2021 Oct 2021 Jan 2022
Time [day]
IAMP- 03.07.2024

Hydro==""

V[mil.m?]

PP (P

-

e

PCR)

¥
-~ N »
“. -

INFLOW, 2022, RMSE=2.11 (for 365 days forecasting)

18

16

14

12

measured
predicted RNA |

, \ L
LA a Ll
Jan 2022 Apr 2022 Jul 2022 Oct 2022 Jan 2023
Time [day]
27 _
—



Conclusions

Work in progress

TECUNOLOGY

ke %@ @

)

IAMP-Hydro commenced in October 2023 — preliminary results of flow forecasting promising but much work to be
done over the coming >2 years.

Challenge of irrigation and drought in Southern Europe a recurring theme across our five pilot plants — solutions
needed to adapt to these conditions.

Other elements of digitalisation work ongoing (condition monitoring, biodiversity monitoring, secure data
management, decision support, etc)

Co-development workshops: keen to engage with stakeholders to co-develop solutions and showcase demo site. Next
event on Artificial Intelligence in hydropower digitalisation in Dec 4™ (Online Event)

More details at
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http://www.iamp-hydro.eu/

Thank youl!
IAM p_ Hyd r.o Contact Prof. Aonqhus McNabola

Professor in Energy and Environment,

Dept. of Civil, Structural and Environmental Engineering,
Trinity College Dublin,

Dublin, Ireland.
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