


Type of Hydro-Power

Reservoir Storage Systems
Pump Storage Systems
Run of the River Hydro

Key for Low Carbon Economy

Hydro     =   19 gr     CO2 /kWh
Coal        = 820 gr     CO2 /kWh                                    
Gas          = 490 gr    CO2 /kWh
Biomass  = 230 gr    CO2 /kWh
Solar        = 48 gr      CO2 /kWh
Wind        =  11 gr      CO2 /kWh

Most of the Hydro-Systems are in Mountains

Some are Glacial Fed or a 

combination of Snow or Rain
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History of Average Large Reservoirs/ Decades 
1900 - 1990

By 1990 there were: 
➢ 40000 Large Dams 
➢ (> 150 m Tall, > 15m3/Sec Discharge
➢ 500000 km2 of Land Inundated
➢ 6000 km3 of Water Stored
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Changes in Number of Hydro-Power 
Projects (of all Kinds)

Since 1990 there is a Renewed Interest in 
Building Dams & Reservoirs Because:
➢ Water Shortages by Cities
➢ Need for Green Electricity Production
➢ Concern about Global Warming and GHG

Hydro-Power = The Battery for Electricity  IHA 2020 
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Data Source:  Intern. Hydro-Power Association IHA 2020
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Highest Pumped Storage Capacity:
China, Japan, USA 
34-58% of the Hydropower Generated by Germany, 
Austria, Japan & Italy is from Pumped Storage

Grimsel, CH, Pumped Storage



Advantages

• Only Operate at Peak Electricity Demand 
( 7-9 am, 11-13;00 and 16-18:00 hrs.

• Produces Electricity when Prices are High 
(is highly Profitable)

• Use Other Sources of Electricity Between 
1-4 am when Demand & Prices are Low to 
Pump Water from Low to High Reservoir

Disadvantages

• Reduces Streamflow below Reservoir
• Affects the Hydrology & Eco-Services in 

River Downstreams
• Inundates Land for 2 Reservoirs
• Hard on Equipment Operation since it 

always Works at peak Capacity

Upper
Lower



Increased Concerns About Hydropower Development 
on International Rivers         

Key Issues in Asia

Mekong
China 11 Operational, 7 Planned
Thailand & Laos: 8 Planned
Cambodia: 1 Operational 2 Proposed

Salween
China: 2 Operational 14 Agreed, 12 
Planned
Myanmar: 3 Planned
Thailand 2 Planned

Brahmaputra:
China: 4 Operational, Several Planned

Key Issues in Africa

Nile
Ethiopia: Renaissance Dam
Sudan: 2 Operational
Egypt: Aswan Dam

Rest of Africa
22 In Various countries with 
Chinese, & Saudi Arabian Investments

Sub Saharan Africa:
980 Large Dams with
589 in South Africa



Impact of Hydropower
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Changes in Winter Snow Accumulation 
(Nov-Feb) in Gibsons, B.C.  1961-2015
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% 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



Kulekhani Hydropower Project, Nepal



1993 Rainstorm Event



Life-Time Reduction of Reservoir  = 20-25 Years







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







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

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





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



Change Focus

From Hydropower to the
Himalayan-Andean Watershed Project



The Himalayan-Andes Watershed Project

Hans Schreier, University Of British Columbia, Vancouver, Canada



Develop & Use:

• Common Framework
• Comparable Indicators
• Similar Methodologies
• Multi-Media Tools 
• Integrated Approach

Identify & Compare:

• Prioritize Key Issues
• Common Problems
• Unique Issues
• Highlight Successes
• Identify Transferable Option

Compare 8 Watersheds in 2 Mountain Regions

Objectives and Aims



The Andean Watersheds                  The Himalayan Watersheds







Jhikhu Kola Watershed, Nepal 

Yarsha Kola Watershed Nepal

Xizhuang Watershed, China

Lingmuteychu Watershed, Bhutan



Desaguadero Watershed, Bolivia

El Angel Watershed, Ecuador

El Encanada Watershed, Peru

El Ilave Huenque Watershed, Peru
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Comparison of the Key Issues in the 8 Watersheds



The Andean Watersheds  The Himalayan Watersheds

Dominant Crop

Crop Biodiversity 

Potatoes Rice

Water Requirement

Very High Low (Hybrid)

Low (255 m3/Ton) High (901 m3/Ton)

Cropping Intensity Low (1-Year) High (2-3-Year)

Climate Warming:   Crop Diversification

Higher Temperature, Less Frost, Longer Growing Season

More Efficient Irrigation, Water Harvesting

But More Variability



Constraints
















