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Arguments for More Hydropower

• lowest-cost source of power in many countries → can facilitate 
access to electricity and improve competitiveness

• economic development opportunity → exports of power, or of 
power-intensive products such as aluminium

• domestic source → can reduce fuel imports and increase energy 
security

• low-carbon source → if it all displaced coal, would reduce CO2

emissions by ~ 3.8 bn tons per year

• high-value, dispatchable source → can enable energy storage 
and integration of wind and solar



• Potential for Investment

• Barriers to Investment

• Overcoming Barriers



Projected
Global 
Growth

• IEA projects doubling of generation by 2050

• Requires ~ 9,000 large and many more small projects; 
~ USD 3 trillion investment



Global 
Technical
Potential



Potential in Colombia

• Estudio del Sector de Energia Eléctrica (1979), Inventario de los 
Recursos Hidroeléctricos (DNP – ISA): 308 projects above 100 
MW, with an installed capacity of 93 GW

• IDEAM-UPME‚ synthetic potential calculations:
average annual potential of 53 GW in large basins, between 74 
GW in July and 29 GW in January

• UPME, Plan de Expansión 2010-2024:
avoiding intervention of protected areas reduces potential 
from 93 GW to 79 GW
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Issues with estimates of potential:
- Reliability of technical surveys?
- Power trading?
- Assumptions on economics?
- Sustainable hydro potential?



Cost Competitiveness as a Barrier

• Hydropower is a mature 
technology and costs are 
expected to increase in line with 
inflation

• Costs of new hydro projects will 
increase as best sites get 
developed first

• Costs of fossil fuels are expected to rise; costs of new renewables 
(solar, wind) are expected to decrease

• Expansion of new renewables creates new opportunities for hydro



Water Availability as a Barrier

Population growth, economic 
development and climate change 
affect runoff and water demand 
by different sectors in multiple 
ways



Public Acceptance as a Barrier

„The significant increase in capacity over the last 10 
years is anticipated … to continue ..., with various 
environmental and social concerns representing 
perhaps the largest challenges to continued 
deployment if not carefully managed.” 

IPCC (2012)



Role of Planning and Assessment: Ensuring Quality

• Project quality matters more for hydropower than for any 
other source of electricity

• Each site is unique and calls for unique technical, 
environmental and social solutions

• Quality depends on selecting the right projects and 
implementing them correctly

• Quality is a balancing act between multiple dimensions 
(technical, financial, economic, environmental, social)

• Every project is an ambassador for the sector



Bad Practices

Good Practices

Best Practices

Some Mitigation

Damage Limitation

Avoidance, Minimization, 
Restoration, Offsetting

“While dams have made an important and significant 

contribution to human development, in too many cases an 

unacceptable and often unnecessary price has been paid to 

secure those benefits, especially in social and environmental 

terms, by people displaced, by communities downstream, by 

taxpayers and by the natural environment.”

→ Stakeholder Resistance

→ Reluctanct Acceptance 
by Stakeholders

“New projects will only be built if they are

• profitable under market conditions

• environmentally acceptable, and

• well received by the local communities”

→ Stakeholder Support, 

Social License to Operate



The Mitigation Hierarchy: Net Environmental Gains



The Mitigation Hierarchy: Net Social Gains



GDP per 
capita, PPP 
(USD, 2013)

GDP 
growth, 

2014

Colombia 12,371 4.5%

Brazil 15,034 1.8%

Chile 21,911 3.6%

Changing 
Barriers 

over 
Time



Agenda de Energía, Gobierno de Chile, 2014:

“Se hace necesario llevar a cabo un proceso de planificación territorial energética para el desarrollo 

hidroeléctrico futuro […]. Este proceso partirá desde un mapeo y análisis de cuencas, basado en 

criterios técnicos hidrológicos y geológicos, ambientales, económicos y socioculturales”



Increasing Calls 
for System-Level 
Information



• Most countries have moved away from comprehensive planning of 
their power sectors

• There are opportunities to improve the quality of individual projects

• However, the next frontier for improving sustainability is to consider 
resources, impacts, and solutions at a system scale (e.g., a river 
basin, a region, or an energy grid)

• System-scale planning can produce multiple benefits: greater 
certainty, lower controversy, reduced costs, reduced operational 
constraints, streamlined review, and improved confidence in 
securing financing

Sustainability at the System Level





Government 
prepared & 

implemented

Government 
prepared & utility 
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& government 
permitted

Frameworks and Tools 

System Level Tools:
• Master plans

• Options analysis
• Integrated resource planning

• River basin plans
• Cumulative impacts analysis

• Shared vision planning
• Strategic environmental assessment

Project Level Tools:
• Pre-feasibility and feasibility studies

• E&S impacts studies and management plans
• Sustainability assessments, panels of experts, peer reviews





Power Sector Planning in Practice – Latin America

• Planning is the process of contributing technical expertise to 
decisions

• A plan is a statement of the choices made by decision-makers at 
one point in time

• “In preparing for battle I have always found that plans are useless, 
but planning is indispensable.”
― Dwight D. Eisenhower

Following is an overview of current practices in Latin America – how 
are E&S issues integrated into power sector plans?



Group I: No E&S Considerations
Bolivia Plan Óptimo de Expansión del Sistema

Interconectado Nacional 2012-2022

None (“The plan is an instrument for … rational and 

efficient use of natural energetic resources, 

development of infrastructure and logistics, and of the 

hydroelectric potential of the country.”)

Dominican 

Republic

Plan Energético Nacional 2004-2015 None

Guatemala Plan de Expansión Indicativo del Sistema de 

Generación 2012-2026

None

Nicaragua Plan Indicativo de la Expansión de la 

Generación 2005-2016

None

Peru Plan Referencial de Electricidad 2006 –

2015; Portafolio de Proyectos de Centrales

de Generación en el SEIN 2008

None

Mexico Programa de Obras e Inversiones del Sector 

Eléctrico 2011-2025 (POISE) (annual)

None, other than reference to environmental norms that 

have to respected by each individual project 



Group II: Some E&S Considerations
Central 

America

Plan Indicativo Regional 

de Expansión de la 

Generación 2011-2025

Local impacts make hydropower projects vulnerable to attacks by 

environmental groups.

Ecuador Plan Maestro de 

Electrificación 2012-

2021

Emphasis on environmental impact and sustainable development, commitment 

to include mitigation measures such as environmental flows and fish passage in 

future projects, but no specific relevance for siting.

Guyana Power Sector Policy and 

Implementation Strategy 

2010

Two priority basins have been identified; safeguards for environmental 

protection will be established.

Jamaica Generation Expansion 

Plan 2010

In the optimization modeling, renewable resources carry an additional premium 

for external benefits of up to 15% of their cost, but siting constraints are not 

considered. Permitting risks are mentioned.

Panama Plan de Expansión del 

Sistema Interconectado

Nacional 2012-2026

Risk of late entry of hydropower projects.

Awareness that Cost Benefit Analyses as performed in the expansion plan does 

not include all externalities.

Uruguay Política Energética 2005-

2030

Hydropower potential largely exhausted, but some references to spatial 

planning



Group III: More E&S Considerations
Brazil Plano Decenal de 

Expansão de Energia

– PDE 2021

Analysis of 34 planned hydro projects to be commissioned over next 10 years for 

duration of licensing process and high-level comparison of E&S impacts. The 

general result is that projects in Amazon have higher costs and benefits, and that 

none of the projects are in the high cost/low benefit category. Results are not 

linked to project names, and the further use of the ranking is unknown. 

Costa Rica Plan de Expansión

de la Generación

Eléctrica 2014-2035

Each proposed project has to consider E&S impacts in its planning and design. The 

development of the sector should minimize negative and maximize positive 

impacts. Limitation of the proportion of the hydro potential that can be 

developed (best sites already taken, impacts on protected and indigenous areas).

Colombia Plan de Expansión

de Referencia

Generación-

Transmisión 2010-

2024

Protected areas reduce hydro potential from 93 GW to 79 GW.

Costs include predicted costs of environmental mitigation, based on indicator-

based empirical model.

A strategic environmental assessment of the plan is ongoing.

Chile Estrategía Nacional 

de Energía 2012-

2030

“The strategy will .. improve siting decisions, protect our environmental heritage, 

generate informed debates, and bring more legal certainty to approvals 

processes.” For Patagonia, a plan for exclusion of large areas will be prepared.



Conclusions (I)

• Most LAC countries undertake systematic expansion planning. 
Exceptions may be explained by style of government (Venezuela, 
Argentina), lack of institutional capacity (particularly in small 
countries) or a lack of motivation (as in Paraguay, with an abundance 
of existing capacity). 

• A number of countries have fully institutionalized planning processes 
with regularly updated plans. 

• Most plans use least-cost planning methodologies; some leave the 
identification of least-cost projects to the private sector.



Conclusions (II)

• The environmental issue of most interest is climate change 
mitigation, and many plans argue for an expansion of renewables. A 
few value the avoidance of externalities in the least-cost model.

• Many plans do not mention hydro-specific E&S issues at all. It is 
possible that these are implicitly taken into account in the underlying 
project catalogues, but these are often from old master plans.   

• Several plans recognize the risks of projects not obtaining approvals, 
or investors not taking up projects because of regulatory risks.

• Few plans address these risks (for example, by avoiding protected 
areas). 
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Hydropower Projects

Scenario 1
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Hydropower Projects

Scenario 2
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Hydropower Projects

Scenario 1

Basin Upstream of Projects
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Hydropower Projects

Scenario 2

How to 
compare 

outcomes of 
scenarios? 

Basin Upstream of Projects



• A decision to build is (largely) irreversible

• A decision not to build can be reversed; more can be learned 
and decisions can be improved over time

• Most plans are not about a final configuration, but about 
sequencing in the medium terms

• Some options should be taken out of subsequent analyses and 
put under permanent protection

Permanent or temporary decisions?



"The Congress declares that the established 
national policy of dams and other construction at 
appropriate sections of the rivers of the United 
States needs to be complemented by a policy that 
would preserve other selected rivers or sections 
thereof in their free-flowing condition." 
(United States Wild & Scenic Rivers Act, October 2, 
1968)

National System now protects 20,275 km of 203 rivers (0.25% of all rivers). 

More than 75,000 dams across the country have modified ca. 965,600 km 
(17% of all rivers).

Protecting High-Value Rivers



Scenario 1. Full Hydropower Potential Development



Scenario 2. No Impact on Indigenous Lands



Scenario 3. No Impact on High Conservation Values



Comparing Scenarios
Scenario 1
Full 
Hydropower 
Development

Scenario 2
Full Protection
of Indigenous 
Lands

Scenario 3
Full Protection 
of High 
Conservation 
Values

Scenario 4
Development 
of 60% of 
Hydropower

Scenario 5
Protection of 
60% of 
Indigenous 
Lands

Scenario 6
Protection of 
60% of High 
Conservation 
Values

Share of 
hydropower 
potential 
developed

100% 45% 14% 62% 63% 72%

Share of 
indigenous
lands not 
affected

60% 96% 88% 68% 84% 68%

Share of high 
conservation 
values not 
affected

59% 76% 100% 65% 68% 65%

Total Shares 219% 219% 202% 195% 215% 205%

Weighted 
average LCOE

100% 88% 90% 104% 103% 93%
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Strengths in Colombia

• Companies with commitments to global best practices; initial 
project assessments with the Hydropower Sustainability 
Assessment Protocol (ISAGEN, EPM)

• Strong power planning and environmental licensing agencies 

• Benefit sharing well established

• Environmental analysis of alternatives well established

• Initial steps for offsets, environmental valuation, climate change 
adaptation



Room for Improvement in Colombia: Bottom Up

In preparing individual projects-

• Anticipate evolving barriers to development

• Improve options and alternatives analysis – make the case for your 
preferred alternative

• Aim for best practices and a social license to operate

• Improve treatment of cumulative impacts

• Plan for multiple uses of reservoirs

• Coordinate between companies



Room for Improvement in Colombia: Top Down

In preparing sector plans and licensing individual projects-

• Improve coordination and compatibility between planning by 
different agencies (water, energy, local development, conservation 
etc.)
Examples – hydro projects in municipal development plans and in 
basin management plans

• Consider government to choose basins for development

• Consider Brazilian model (prepare projects by government, auction 
development rights to companies)



How not to do big picture planning
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