European Geosciences Union G. Lazzaro and G. Botter

General Assembly 2015 Run-of-river power plants in Alpine regions
Vienna | Austria | 12 — 17 April 201 Tuesday, 14 Apr — HS5.3

Run-of-river power plants in Alpine regions:
whither optimal design?

G. Lazzaro and G. Botter

UNIVERSITA
V15 =5 DEGLI-STUDI
Department of Civil, Architectural and Environmental Engineering (ICEA), R Y DI PADOVA
University of Padova, gianluca.lazzaro@dicea.unipd.it ;
. e 7ol TR = YA el SR



European Geosciences Union G. Lazzaro and G. Botter

g General Assembly 2015 Run-of-river power plants in Alpine regions
Vienna | Austria | 12 — 17 April 2015 Tuesday, 14 Apr — HS5.3

FLOW REGIME at the plant intake

» Surface water resources at the plant intake are the byproduct
of complex processes with strong stochastic components...
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» Characterization of flow regimes in the absence of flow data



European Geosciences Union G. Lazzaro and G. Botter
iy General Assembly 2015 Run-of-river power plants in Alpine regions

Vienna | Austria | 12 — 17 April 2015 Tuesday, 14 Apr — HS5.3

VAosukir CREEK (USA)
. Enhanced
ERRATIC regimes variability
CVy>1
Monotonic streamflow pdf
Enhanced variability (CV>1)
1989 33 1990 33 1991 ) ]
- >"| Borre CREEK (1TALY)
4 Reduced .
— warianitiy| PERSISTENT regimes
b | 3
A CVy<l1
7 24 Bell-shaped streamflow pdf
T ;] Reduced variability (CV<1)
1989 . 1990 i 1991 o’ I

FREQUENCY [Botter et al., PNAS 2013]




European Geosciences Union G. Lazzaro and G. Botter

General Assembly 2015 Run-of-river power plants in Alpine regions
Vienna | Austria | 12 — 17 April 2015 Tuesday, 14 Apr — HS5.3

a

ECOLOGIC IMPACT
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Whither OPTIMAL DESIGN?

HYDROLOGIC DISTURBANCE

ECOLOGIC IMPACT
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Whither OPTIMAL DESIGN?

HYDROLOGIC DISTURBANCE

PROFITABILITY ECOLOGIC IMPACT
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Whither OPTIMAL DESIGN?

ENERGY PRODUCTION HYDROLOGIC DISTURBANCE
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INVESTOR: ENERGY PRODUCTION

ENERGY PRODUCTION (E) and PROFITABILITY (NPV) of run-of-river
plants depend on the pdf of available streamflows:

E(Q) = ATHpg/O 1 (%) Pw(Gw) Guw A

[Basso and Botter, WRR 2012]

p = water density H = hydraulic head
g = gravitational acceleration AT = plant lifetime
n = turbine efficiency q,, = worked flow
INCOMING FLOWS q MFD WITHDRAWAL STRATEGY - " .
4<00+MD PROCESSED FLOWS q, Explicit analytical link among:
a(,Q+JlFD<q<Q+;1lFD q,-0 .
g>0+MFD 4, =q-MFD Q -> plant CapaClty

q =0

V

E -> energy production
DquW]l\I/STREAMFLOWS s pw(qw ) -S> pdf of flows
worked by the plant

PLANT OFF
PLANT ON
MAXIMUM LOAD

4,5 = MFD
‘ L//);: '~ (~)
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INVESTOR: PROFITABILITY

ENERGY PRODUCTION (E) and PROFITABILITY (NPV) of run-of-river
plants depend on the pdf of available streamflows:

Rn=ep- - FE

Rn = revenues
e, = energy price
E = energy produced depends on:
» plant capacity (Q)
e pdf of available streamflows

The Net Present Value (NPV) is the
NPV(Q) = En(Q) — C(Q)  sym of every cash flow discounted

[Basso and Botter, WRR 2012] - back to its present value
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ECOSYSTEM

RUN-OF-RIVER power plants induce an impact on flow regimes which is

similar to that produced by DAMS
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ECOSYSTEM

Overall 150 km of river network impacted by

run- of r|ver pIants (Plave r|ver basm ItaIy) Small run-of-river power

plants built in cascade
along the same river
result in NEGATIVE

 . ). 5 ."v ‘ : y
f/ Ll e o Fate

Mean length of
impacted reaches : 2 km
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ECOSYSTEM

Run-of-river impact has been evaluated through the upstream/downstream

changes of a set of hydrologic indexes:

HYDROLOGIC INDEX — ECOLOGIC IMPLICATIONS

MEAN DISCHARGE (u) Available water resources Ecosystem Size, Carrying Capacity

COEFFICIENT OF Intra-seasonal Bed Revitalization, Interactions with
VARIATION (CV) flow variability Riparian Areas, Habitat Heterogeneity

CORRELATION SCALE (I) Short-term rate of change Short-term Adaptation Strategies

(Behavioral)

Inter-annual Long-term Adaptation Strategies
flow variability (Life-history and Morphological)
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ECOSYSTEM

Vienna | Austria | 12 — 17 April 2015

The HYDROLOGIC DISTURBANCE (D, ) is the sum of the
upstream/downstream relative variation of hydrologic indexes

|fup — tas(Q)] n |CVap — C'Vas(Q)| n [ Lup — Las( Q)] n Rl — Rls(Q)
CVap Ly Rl

Dy (Q) =

Hup
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WATER MANAGER - SOCIETY

The PARETO FRONT identifies
a set of efficient solutions
trading between:

.
-

Pareto front
______ Not-efficient capacities

(WORST)
HIGH

— = = = — @
- L t . crse . /3
/ 7rg fs - MAX profitability (investor)
ECONOMIC pian
OPTIMUM - MIN hydrologic disturbance

(ecosystem)
MULTI-OBJECTIVE

OPTIMUM

Smallest

—

HYDROLOGIC DISTURBANCE

plant  The multi-objective optimal
©" mindist — plant capacity.is the
| HYDROLOGIC
B i OPTIMUM
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(BEST) PROFITABILITY  worsy



G. Lazzaro and G. Botter
Run-of-river power plants in Alpine regions
Tuesday, 14 Apr — HS5.3

European Geosciences Union
General Assembly 2015

Vienna | Austria | 12 — 17 April 2015

CASE STUDIES
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INVESTOR: PROFITABILITY " BOITE RIVER
S (persistent regime)
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ECOSYSTEM

The HYDROLOGIC DISTURBANCE (D, ) is the sum of the
upstream/downstream relative variation of hydrologic indexes

() | | ‘ | >
0 l 2 3 4 5

Example: mean discharge Q / QNPV

For large capacities the plant is switched off more frequently
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WATER MANAGER - SOCIETY
Pareto Front obtained accounting for profitability and hydrologic impact
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WATER MANAGER - SOCIETY
Randomly weighting the contribution of each statistic...
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The flow variability (CV and Rl) is less

The Pareto-optimal plant capacity
impacted with a capacity Qypr = 3Qupy

Q,pr is smaller than Q,
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CONCLUSIONS

Run-of-river power plants imply a strong disturbance on flow
regimes and river connectivity

Multi-criteria analysis can be useful to trade between
profitability and hydrologic impact

Flow regimes at the intake strongly affect optimal design
features of run-of-river power plants

FUTURE IMPLICATIONS

Basin-scale multi-objectives analysis: overall profitability (or
produced energy) VS riverine connectivity
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