


Type of Hydro-Power

Reservoir Storage Systems
Pump Storage Systems
Run of the River Hydro

Key for Low Carbon Economy

Hydro = 6 gr        CO2 /kWh
Coal    = 1024 gr CO2 /kWh
Solar   = 45 gr      CO2 /kWh
Wind  =  16 gr      CO2 /kWh

Most of the Hydro-Systems are in Mountains

Some are Glacial Fed
Some are dominated by Snow or Rain
Or a Combination of all Types
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Global Hydropower Generation 1980-2015
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Stagnation

Rest of the World

Data Source: World Energy Council 2015

Growth

Rapid Growth

China

Hydro-Power = 16% or World Electricity Capacity

71% or Global Renewable Energy (Flexible Capacity)

Increases in Installed Capacity Between 1905-2015 = 39%

Projected Hydropower Demand = 1-4% / Year
By 2020 Winter Electricity Demand Will Decrease 

Summer Demand is Expected to Increase by 9-11% (Air-Conditioning)

By 2040-2060:  Expect a 
60% Decrease in Capacity 
of Glacier Fed Reservoirs

file://by


Estimated No. of Air-Conditioning Units in the World  
2018 = 1.6 Billion Units  (Current Electricity Use 20%)
2050 = 5.6 Billion Units  (Estimated Use in 2015 > 50%

Data Source: International Energy Agency (IEA) 2018  

Examples of Record Temperatures
Temp.       Population 

2016  Phalodi, India              51oC           0.4   Million
Basra, Iraq                   53.9            2.2   Million
Kuwait                          54.0           4.0   Million

2017  Ahvas, Iran                   53.7           1.1   Million
Turpan, China              50.5           0.6   Million
Oman                            50.8           4.4   Million

2018 Nawabshah Pakistan  50.0           1.1   Million 
Sydney, Australia         47.0           5.0   Million
Rajasthan, India           46.0           70    Million

Blood Temperature   = 36-37 0C
Sauna Temperatures = 40 + Degrees

Air Conditioning is Critical Above 45oC
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Columbia River 4th Largest River in North America
900 m Vertical Gradient
Average Discharge = 7500 m3/sec

Has 450 Dams for Hydropower Generation

Canadian Portion 15% of River Basin
Provides 40% of Annual Discharge

% of Large Free Flowing 
Rivers Remaining in the World

Asia                      37%
South America   54%
North America   18%
Africa                   35%
Europe                 28%
S-Pacific               43%

Data Source: WWF 2017



0

10

20

30

40

50

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Stream Hydrograph for Pluvial and Nival 
Stream Systems (m3/Sec)

Nival Pluvial

0

10

20

30

40

50

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Stream Hydrograph for Nival, Pluvial & 
Glacial Stream Systems (m3/Sec)

Nival Pluvial Glacial



0

5

10

15

20

25

30

35

40

45

50

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Hydrograph for Glacial-Fed Streams 



0

5

10

15

20

25

30

35

40

45

50

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Shift in Pluvial and Nival Stream 
Hydrographs 2010-2025

2010 2025

0

50

100

150

200

250

300

1961 1968 1975 1982 1989 1996 2003 2010

S
n

o
w

 in
 c

m
 o

ve
r 

4 
M

o
n

th
s

Changes in Winter Snow Accumulation 
(Nov-Feb) in Gibsons, B.C.  1961-2015
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Long Term Trends in Winter Rain & Snow 
Accummulation in Creston, B.C. (Oct-April) 1913-2015
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Impact of Hydropower









Kulekhani Hydropower Project, Nepal



1993 Rainstorm Event







Life-Time Reduction of Resevoir = 20-25 Years



Columbia Basin Case Study Canada/USA



400 + Reservoirs
Within the Basin

Treaty Dams
3 in Canada

Mica
Duncan
Keenleyside

Total Major 
Reservoir
In Canada: 15





Total Size: 660000 km2

Canadian Portion 80000 Km2  (15% of Basin)
Produces 45% of annual Streamflow
Highest Vertical Gradient in NA

Canadian Portion:
Population: 150000 People (4% of B.C.)
20 Communities (200-20000 People)

Economic Activities:
Forestry, Mining (Coal) Mineral Processing
Hydro Power  (50% of Electricity for B.C.)
Recreation (Winter & Summer)
Minor Agriculture



Columbia River Treaty 1964-2024 (60 Years)

Unique Treaty Between USA & Canada
WHY: Flood Protection & Hydropower 
Production

US Agreed to Compensate Canada to share
50% of the additional Hydropower generated 
From the stored Water in Canada 

Compensation: $ 200-300 Million/Year

2014-2024: Treaty Renegotiating Period
New Issues to be to considered in Negotiations
Climate Change, Ecosystem Services
Fish & Aquatic Resources, First Nation Demands 
Alternative Water Uses (Agriculture etc.)



Created in 1995 
Compensation for Hydro Impacts
$ 330 Million, Invested in Hydro-Power
Investment Interests to be used for:
Delivering social, economic & environmental 
Benefits to the people in the Basin

Mandate: 
Support Efforts by the People in the Basin 
To create a Legacy to achieve greater
Self-sufficiency for Present & Future                                                       
Generations









12 Community Watershed Groups

Monitoring Water Quality 
(pH, Cond., Nitrate Phosphate, DO, Turbidity. etc)

Monitoring Invertebrates (Cabin Method)
New: Flow Measurements With Cellphone

Selkirk College: Geospatial Mapping Program




