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TOPICS:

➢Features of hydro developments

➢Comparison with other renewables

➢Contributions to grid performance

➢Challenges to hydro

➢Is hydro sustainable?

INTRODUCTION



➢Hydrologic regime

➢Site topography and development 
concepts

➢Multipurpose developments

➢ Run-of-river versus storage projects

FEATURES OF HYDRO DEVELOPMENTS



HYDROLOGIC REGIMES

Humid Zone: 
Rio Sabanilla, 
Ecuador



Arid Zone:

Snare Lake

NWT.

HYDROLOGIC REGIMES



CANYON SITE

PRE-CONSTRUCTION
AFTER CONSTRUCTION CA. 1989



RIVER BEND

KALIGANDAKI I 

300 MW



PLATEAU TO OCEAN

CAT ARM
127 MW



RAPIDS SITE

HORSECHOPS HEP: 8.1 MW



WATERFALLS SITE

WATERFALLL 
SITE: 
HINDS LAKE 
75 MW



MULTIPURPOSE: IRRIGATION & POWER

CHIN HEP, ST. MARY’S 
RIVER IRRIGATION 
DISTRICT, AB



MULTIPURPOSE: POWER & FLOOD 
CONTROL

TEMENGOR HEP 
PERAK RIVER
MALAYSIA



HIGH HEAD VERSUS LOW HEAD

SNARE CASCADES: 4.3 MW, H = 9.1 m, Q = 55.3 m3/s

MANDAL : 2x1.5 MW, H = 200 m, Q =1.8 m3/s



LARGE VERSUS SMALL

TEHRI HEP: 1,000 MW

PORT UNION HEP: 400 kW



RUN-OF-RIVER VS STORAGE



➢ Comparison of characteristics 

➢ Comparison of technologies

COMPARISON WITH OTHER 
RENEWABLES







CONTRIBTIONS TO GRID

➢Provide “virtual storage”

➢Rapid dispatch

➢Frequency stabilization

➢Dispersion of generation 
sources (sometimes).



In systems with large storage 
reservoirs water can be temporarily 
stored when production from wind 
generators is high and this stored 
water later used for energy 
production when winds are light. 

PROVISION OF “VIRTUAL STORAGE”



Hydro generators with storage can be 
dispatched rapidly. Typical loading times 
from start up are:

➢Nuclear power:        Days

➢Coal fired thermal : 6 to 8 hours

➢ Gas turbine:  ~ 15 minutes

➢ Diesel genset:  ~ 15 minutes

➢ Hydro:   5 secs to 1 minute plus

RAPID DISPATCH



➢Hydro generators react rapidly to system 
load changes to  mitigate frequency swings 

➢Hydro generators contribute significant 
inertia to the grid.

➢Can be operated as “synchronous 
condensers” to mitigate system load factor.

FREQUENCY CONTROL



Remote plant supplying mining load:

Frequency limits 60 Hz +/- 3 Hz

German Norms:

➢Frequency tolerance: 50Hz +/- 0.05Hz

➢With step load change: 50Hz +/-0.20Hz
 

FREQUENCY STANDARDS



System reliability is enhanced when hydro 
plants are dispersed across a regions. 
Diversity in flow patterns also provides 
benefits for run-of-river hydro.

Similar benefits are obtained from 
dispersed wind farm developments!

DISPERSION OF ENERGY SOURCES



➢Large project footprint

➢Environmental effects both positive and 
negative

➢Socio-economic effects

➢Regulatory regime.

CHALLENGES TO HYDRO



Hydro projects often have large footprints 
compared to other development projects. 
Environmental and socio-economic issues are 
proportionate to size.

SMALL FOOT PRINTS:

➢Run-of-river

➢Multi-purpose

LARGE FOOT PRINTS:

➢Projects with large storage reservoirs, long 
transmission lines and access roads

FOOTPRINT



ENVIRONMENTAL EFFECTS

➢Inundation of shorelines
➢Hydrothermal changes
➢Biochemical
➢Sedimentation
➢Flow regime
➢Impact on biota



➢Resettlement

➢Impact on resource users

➢Health

➢Benefits: power and other uses, 
fisheries and recreation.

SCOCIO-ECONOMIC



ENGINEER’S ROLE

Engineering Input:
➢Simulation studies to characterize pre 

and post construction conditions. 
➢Design of mitigation options.
➢Operation: design and 

implementation of operational plans 
and strategies.



Biology Input:

➢Assessment of ecological effects.

➢Identification of mitigation 
opportunities and biological 
requirements / design criteria.

➢Monitoring to verify “as designed” 
performance, detect changes and 
formulate corrective measures.

BIOLOGIST’S ROLE



Socio-Economic:
➢Assessment of project impacts on local  

populations both economic 
opportunities created and opportunities 
lost.

➢Social effects and strategies to 
minimize adverse impacts. 

➢Strategies to maximize benefits.
➢Evaluation of mitigation or 

compensation measures.

SOCIAL SCIENTIST’S ROLE



Convoluted and expensive.

REGULATORY APPROVAL 
PROCESS



Dictionary definition:

A method of harvesting or 
using a resource so that the 
resource is not depleted or 
permanently damaged.

IS HYDRO SUSTAINABLE?



JIRAU SPIDER DIAGRAM



1. The only factor affecting sustainability for hydro is 
reservoir sedimentation. 

2. Most Canadian hydro projects are sustainable, 
because located on rivers transporting negligible 
silt loads. 

3. Logically, hydro projects should be assessed, using 
two separate kinds of criteria:

▪ Sustainability and

▪ Acceptability

CONCLUSION



THANKS FOR YOUR 
ATTENTION.

ANY QUESTIONS?

THE END



Antoine’s Comments



Remote plant supplying mining load:

Frequency limits 60 Hz +/- 3 Hz

German Norms:

➢Frequency tolerance: 50Hz +/- 0.05Hz

➢Emergency overload: 

 49.8 Hz, warning and mobilization of reserves.

 49.4 Hz, switching off selected customers.

             48.4 Hz, detaching customers having own supplies.

             47.6 Hz, disaggregation of grid into regional or local sub         
                 grids.                  

FREQUENCY STANDARDS
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