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Run-of-the-river hydroelectric systems

* |In the context of siting and lay-out of RoRs, key
design objectives are (Efstratiadis et al., 2021a): "

* maximization of catchment area upstream /;Hﬁ o -
of the intake, in order to maximize the o T

water potential;

* maximization the elevation difference
between the intake and the power house,
in order to maximize the head;

* minimization of the diversion length, in

order to minimize the hydraulic losses and |, A é
owerhouse 4\ T ‘

the cost of conveyance works; g P

* The fulfilment of the above objective is highly

_ . Typical layout of run-of-river systems (Algburi, 2018
conflicting, given that: ypical layout of run-of-river systems (Alg )

* As the catchment area increases, the relief becomes more mild;
* As the heads increases, the diversion length is also increasing.

Motivation: Development of spatial analysis tool for easy detection of prosperous sites
for run—-off-river hydropower systems
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Schematic representation and definitions

Catchment Water intake (flow diversion)

i: Intake at site (x; y;) with elevation z;

Upstream catchment
characteristics at
site I,'(X," Vi Zi)

Geometrical properties
Dj;: Euclidean distance from
the intake i to the
alternative sites j for energy
production (m)

A;: Basin area (m?)

Z;: Mean elevation (m)

)
P;: Mean annual precipitation (m) TN L;: Diversion distance along
R;: Mean annual runoff (m) D ’:' \\ N the river segment from the
. \ . . .
o Lo | \Dp intake i to the alternative
oy "\ sites j for energy production
// / \ . g
,"“/ 7 \\\ (m) — by definition, L;> D;;

. . > R h;;: Altitude difference
Alternative sites for power { v ) :
house (ener rjc;de::tion) '7“ Sl Ly —_,/"‘79 between the intake i and

gy p S the alternative sites j for
jli): Alternative sites (x; y;) for .~ 7 energy production (m), also
turbine location downstream " referred to as gross head

of intake I;, with elevation z;
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From actual to unit potential energy production

* Actual energy production from a turbine station located at site j(i), downstream of an

intake sit i, and over a time interval [0, 7]:
T

Eij = )/jn (qij(t)) qi;(t) hn(qﬁ(t)) At
0

where y is the specific weight of water (9.81 KN/m3), q;;(t) is the discharge that is

diverted to the turbines (part of total inflow arriving at the intake), n(q) is the total
efficiency of the system, which is function of discharge and also depends on the turbine
type, and h,, is the net head, i.e. the gross head, after subtracting hydraulic losses.

* Potential energy production, on mean annual basis (hydraulic and energy losses are
omitted, and all catchment’s runoff is diverted to the turbines):

PEU = ]/Rl Al hl]
* Unit potential energy production, by considering a mean annual runoff equalto 1 m
(1000 mm):

The value of UPE;; across a hydrographic network, where all intakes I; are located at
specific distances L;; = Al, is called unit geo-hydro-energy index (UGHE). Its purpose is to
evaluate a hydroelectric development site through easy geomorphological information.
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Outline of methodology

Preparation of spatial data Upstream catchment area
= Digital Elevation Model (DEM) = Delineation of catchment boundaries
= Stream network (vector) upstream of each site of interest
= Maps of distributed rainfall/runoff data l

4

Discretization of stream network to
determine intake and power station sites

Extraction of geomorphological and

hydrological characteristics:
_ _ . = Area
= Distance step for intake allocation ,
= Mean elevation

= Mean annual precipitation

Diversion distance for power station

allocation _
‘ = Mean annual discharge
Extraction of geomorphological 1
characteristics Extraction of geo-hydro-energy indices

= Site properties (coordinates, elevation)
= Head difference
" Euclidean distance
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Software implementation

pts.to_csv(csvStreamlpath, index = False)

array ID and H

# nvert np Y ] 3 LUE
StreamlPoints100_npy=pts[[ 'Raster_Value'll.to_numpy()
s1=StreamlPoints100_npy.shape[0]

s2=[70,1]

extra=np.zeros(s2)
StreamlPoints10@_npy=np.concatenate((StreamlPoints10@_npy,extra))
DH_1000=np.zeros(s1)

Dist_1000=np.zeros(sl)

H1000=Stream1Points100_npy

Xcoords=pts.X

Ycoords=pts.Y

k seir t 19 abe
i in range(sl):
DH_1000[i]=H1000 [i]-H1000 [i+9]
DH_1000 [DH_1000<0]=0
pts['DH_1000'] = pandas.Series(DH_1000, index=pts.index)

#R ce the vall at d exis P ’ »
pts['DH_1000'] = np.where(pts.DH_1000 == pts.Raster_Value, @, pts.DH_1000) Ya. ANACON DA P
r i range(s1-9): I O n a
AN

Dist_1000[i]=math.sqrt(((Xcoords[i]-Xcoords [i+9])#2)+((Ycoords [i]-Ycoords [i+9])**2))
pts['Dist_1000'] = pandas.Series(Dist_1000, index=pts.index)

Python Console

S5 BR P 8 B Q # %

B® P pLJO\GIS \\

# er t
StreamlPoi

4

:;:S[%eﬂ” &8 | 2 Basins_Outlets.py X Vv O oisee
extra=np.zg = 5

1 from-.qgis.core -import -x -

2 import -qgis.utils

3 import-os

4 import -sys

5 import -gdal SPYDER

6 from-qgis -import -processing

7

8

9 #csv-file -read ]-a

10 import-csv

11 csvpath='Users/nina/Documents/NTUA/Projects/TERNA-2020/Covid-v2/Results/Litheos/0

12 rows -=-list(open(csvpath)) '

13 totalrows = len(rows)-1

14 totalcol =-2

15 print . (totalrows)

16

17 #loop -througt e-csv(c t ile-1 1

18 f .=.open(csvpath, - 'r')

19 element .= -list(csv.reader(f))

20 print - (element)

21 i=.0

22 j=-0

23 dr="/Users/nina/Documents/NTUA/Projects/TERNA-2020/Covid-v2/DATA_FINAL/Drainage.t

24

25 i=0

26 - for-i.in-range(totalrows):

27 east -=-element[i][]]

28 north-=.element[i][j -+ -1]

29 params -=-{ - 'GRASS_RASTER_FORMAT_META'-:-'', - 'GRASS_RASTER_FORMAT_OPT' -: “,‘le

20 nranacecina runllaraceZer wator autlot¥  narame)

Code snippets Python and pyQGIS
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Proof of concept: Seeking for potential sites for
development of RoRs across Peneios river basin

e Two levels of detail:

* Hydrological-morphological analysis
over the entire basin (11 064 km?2),
to detect potential sites of interest;

* Detailed analysis and application of
the proposed methodology to the
upper river course (1 809 km?2).

©® Rainfall station
© Hydrometric station [l <= 40

[ Hyd rOIOgicaI analySiS: 4 "—.Port:ikt:‘semainmeam:}soo :
i FO r m u I atio n Of fo u r hyd ro I Og i Ca I 23 :: s:;ZODO 200 3000 323000 34000 5000 Lr.‘ y QTDO 408000 . 425000 44200 459000
response units (HRUs) over the total Peneios river basin, highlighting the upstream area

area (Savvidou et al., 2018); of interest (DEM, river network, rainfall stations)

* Fitting of conceptual hydrological model at ten sub-basins upstream of hydrometric
stations, by using monthly data and varying parameters per HRU and per sub-basin;

* Assignment of representative parameter values across the four HRUs (expected
value of individually optimized values of the sub-basins);

* Model application over the entire river basin of Peneios, resulting to a map of
distributed runoff data (Efstratiadis et al., 2021b).
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Hydrological analysis
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Area of interest: Upper Peneios basin

252000 258000 264000 270000 276000 282000 288000 294000 300000 306000 312000 318000 324000 330000 336000

Rainfall station Elevation (m)
=== Stream network [l 200
~— Portaikos stream [ | 650
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[ 2100
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&,
Legend

© Rainfall station Mean annual discharge (mm/year)
©  Hydrometric station | <=200
=== Stream network 1200- 400
~—— Portaikos stream 7] 400 - 600
[ ] Portaikos basin B 600- 800
I >800
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Geomorpholigical and hydrological analysis

28000 28000 _ 290000 295000 300000 305000 310000 315000 320000 325000 330000
4:«;90000m ‘Z‘ﬁ Lo m[ o 4390000
2 i& U ) H Elevation profile
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125
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- B i 43-65 | .
* Summary hydrol | d
- os-os ummary hydrological data
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20

e Mean runoff: 169 mm
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,| discharge profile « Methodological assumptions

* Distance step for intake
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, total length 50.1 km)

' * Diversion distance for power

] station allocation: 1 — 6 km
id 49 % 149 199 249 299 349 399 449 499 (investigation Of SiX CaseS)

Sites for energy production
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UGHE index for diversion distances from 1 to 6 km
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Potential energy production

20

E2GWh ~ — E3GWh  — E4GWh  — E5GWh  — E6GWh oo T

A 1
______ i Mean annual runoff i
’ I I
£ ) i * Areal:668 mm i
LT e | 1 1 Y il | 1 :
= '/~ ! * Area2:339 mm i
gl W Mgy : !
g Lo [ i Among the two promising i
3 i areas, the potential energy !
ETaR R Y T T 4 IS AN LA W — ! . . .
3 i is maximized where the |
1
i product of upstream area |
1 1
: ! and actual runoff is i
1 . .
ites for energy production i maximized. i
o m A 0 295000 300000 305000 310000 315000 330000 TﬁUOO 330000 - : i
? Actual energy | i !
| 2, ° i ) e, ® 1
production for §.... | Optimal siting :
- J'S . A 1
diversion6km § * Head:94m
1 . H
i * Mean inflow: 84.3 hm3 |
] . 1
* Hydropower potential: !
1
| 18.4 GWh |
4365000 Fe e e o o o o o o o S T S T }

Legend

@ Rainfall station Actual hydropotentail (Gwh) ; 5
© Hydrometric station ¢ 0-15
=== stream_net 16-3
[ Portaikos basin 3-6
2] Pineios basin © 6-10
® 10-20

4355000
X

" 280000 285000 2900 295000 300000 305000 310000 315000 320000 ] 325000

Risva et al., Hydropower potential assessment made easy via the unit geo-hydro-energy index 12

330000




Conclusions & future research

* Parsimonious technique in exploring suitable development sites for
run—off-river hydropower systems, by considering only the geometrical
properties of the stream network (distance & altitude difference) and abstract
. data about the runoff regime;

* Coupling of multiple computational and programming tools, open-source code;

 Development of methodology with augmented capabilities in data pre-
processing, geo-spatial analysis.

* Investigation of model sensitivity against alternative discretizations of the
stream network and against different diversion steps;

* Test of methodology across multiple river networks with varying characteristics
(geomorphological, hydrological);

* Coupling with hydrological and energy conversion models to enable estimation
of actual hydropower production;

* Integration of methods in a fully automated procedure to assess the actual
hydropower potential and provide decision support for RoRs siting and design.
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