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Executive summary 
Energy is essential for development, but given the urgent need to mitigate climate change, developing 
nations are under pressure to keep their carbon emissions low. This leaves them with three options: 
abandon development; ignore climate concerns; or take a third path: finding energy sources that emit little 
or no carbon. This report focuses on the third option, which we call “development without carbon” 
(DWC), looking at the viability of hydroelectric power as a low-carbon energy source for Latin America 
and the Caribbean (LAC) in a changing climate. 

We estimate that hydropower supplies 46 percent of electricity across the LAC region, a far larger share 
than the 16 percent global average – yet it has been estimated that only 21 to 38 percent of the region’s 
hydroelectric potential has been realized (the higher number reflects “economically feasible” potential). 
LAC has already a considerable hydropower base to build on, but changes in the water supply due to 
climate change, competing uses, and population growth could thwart further development plans.  

Energy portfolios, water availability, and hydropower production, however, vary significantly across 
LAC. To quantify these differences, we gathered data on water, energy, and hydropower for each country. 
Figure ES-1 shows hydropower generation across LAC, by country and organized into four regions to 
match the Inter-American Development Bank’s classification of its 26 borrowing members: Southern 
Cone: Argentina, Brazil, Chile, Paraguay, and Uruguay; Andean Group: Bolivia, Colombia, Ecuador, 
Peru, and Venezuela; Caribbean: Bahamas, Barbados, Guyana, Jamaica, Suriname, Trinidad and Tobago, 
and Haiti; Central America et al.: Belize, Costa Rica, Dominican Republic, El Salvador, Panama 
Guatemala, Honduras, Mexico, and Nicaragua. 

Figure ES-1. Hydropower generation across LAC, by GWh generated 

 
Source: Electricity data from International Energy Agency, Data for 2008, (http://www.iea.org/country/index.asp); regional 
classifications from Inter-American Development Bank (IDB 2011) .  

http://www.iea.org/country/index.asp
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As shown in Figure ES-1, the Southern Cone produces the most hydroelectricity (484,458 GWh), or 68 
percent of total electricity production. The Andean Group, meanwhile, produces 71 percent (165,859 
GWh) of its electricity from hydropower. In Central America, Mexico produces the most hydropower, 
39,178 GWh, representing 15 percent of national electricity generation (258, 913GWh), but all the other 
countries have a larger share of hydropower in their energy mix, topped by Costa Rica, at 78 percent. The 
Caribbean, however, with very limited surface water production, does not rely heavily on hydropower. 

Climate trends 

The Intergovernmental Panel on Climate Change (IPCC) found that the main water-related concerns for 
the LAC region in a changing climate will be rainfall reduction in arid regions, glacier shrinkage, and 
strains on the water supply for human consumption, agriculture and hydroelectricity in water-stressed 
areas, all while the population continues to grow. The LAC region is large and diverse with a climate that 
varies from cold, glaciated high mountains to temperate and tropical coastal zones. The IPCC’s Fourth 
Assessment Report shows that during the 20th century, LAC precipitation was uneven, at times 
decreasing in the west of the Andean region, while increasing in the east in the Southern Cone and in 
Central America, and in some countries of the Andean Region. Mean temperatures over 10-year periods 
show an upward trend in the Southern Cone and Andean Region, as do minimum temperatures, while 
maximum temperatures show uneven trends.  

The most important consequence of rising temperatures over the last 30 years has been critical glacial 
retreat in Bolivia, Peru, Colombia and Ecuador. Over this period, glacier shrinkage has contributed to 
total discharge at the expense of reducing and in some places exhausting the glacier reservoir. Studies 
indicate that during the next 15 years, small Andean glaciers are likely to disappear, affecting water 
availability and hydropower generation, while larger glaciers will continue to shrink.  Changes in glacier 
water contributions will affect water supply for multiple upstream and downstream uses, including small 
and large-scale agriculture, urban water utilities, and hydropower.  

Temperature projections for the LAC region over the next century show a continuation of the warming 
trend, ranging from 0.4°C to 1.8°C by 2020, and 1.0°C to 7.5°C by 2080 (from a 1961-1990 baseline), 
depending on the model and scenario considered. The greatest warming is projected to occur in the 
Andean Region and Southern Cone. Precipitation changes show a higher degree of uncertainty: for the 
Andean Region, they range from a reduction of 20 to 40 percent to an increase of 5 to 10 percent for 
2080. Uncertainty regarding precipitation is even larger for the Southern Cone, for both winter and 
summer. In general, there is great variation among climate models when it comes to rainfall, with some 
showing increases and others showing decreases in the same period and region.  

Planning for hydropower expansion in a changing climate 

Still, given the great untapped potential, exploiting hydropower is seen as the best way to meet growing 
energy requirements for much of the LAC region (except the Caribbean), and since 1970, generation 
capacity has increased five-fold. Many major hydropower facilities across LAC, however, were designed 
based on climatic patterns that are now changing, reducing hydropower production reliability and 
increasing the vulnerability of the energy supply system. In the Southern Cone and the Andean Group, 
conventional hydropower is already vulnerable to rainfall anomalies due to the El Niño and La Niña 
weather patterns. Now glacier retreat is starting to affect hydropower generation in the areas of La Paz, 
Bolivia, and Lima, Peru. The projected glacier disappearance could also affect hydroelectricity generation 
in Colombia. In Ecuador, on the other hand, some scenarios project increases in precipitation that may 
expand the potential for hydropower generation. 

Hydropower infrastructure will have to be planned within the ranges of uncertainty that climate trends 
impose, moving away from static planning and design. Plans will likely need to accommodate forecasts 
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for targeted operations based on climate and demands, with flexible infrastructure. Pumped-storage 
hydropower and small hydro are options to overcome climatic variability. It is important to note that 
hydropower requires far more water than most energy sources, 17 liters per KWh, versus 1.9 for coal and 
2.6 for nuclear (but 360 for biomass) – but hydropower also returns water into the system after 
generation. Still, hydropower variability due to changing water volumes means that energy planners 
should arrange to obtain base power from other energy sources during some periods. Robust analytical 
frameworks can help policymakers understand these tradeoffs and make informed choices. 

Two powerful planning tools 

One effective way to address these issues in LAC is to link two advanced water and energy decision 
support tools developed by SEI: Water Evaluation And Planning (WEAP) and the Long-range Energy 
Alternatives Planning system (LEAP), both of which are accessible to a large community of users, with 
licenses given at no cost to nongovernmental organizations, government agencies, and academic 
institutions in developing countries. WEAP is a robust, practical water resources planning tool that allows 
users to address freshwater management challenges and allocate limited water resources, with full 
integration of supply-demand questions, water quality, and ecological considerations. LEAP is an 
integrated modeling tool that is widely used for energy policy analysis and climate change mitigation 
assessment. It has a flexible structure that allows for local, regional, and global application of various 
modeling methodologies such as accounting, simulation and optimization. Both systems are now being 
integrated to further strengthen their capabilities. 

WEAP, LEAP and the combined tool can help address many pressing concerns in conjunction with DWC 
and hydropower development in particular in the LAC region: 

• How can energy and water resources planning tools and infrastructure be designed to accommodate 
climate uncertainty? Some possibilities include forecasting for targeted operations, building 
infrastructure designed for failure, and incorporating non-structural systems like communications or 
IT to enhance water management. 

• How can tradeoffs be assessed between competing energy demands for water, such as biofuels and 
hydropower? Which variables or indicators could be used to assess these tradeoffs? The WEAP-
LEAP software integration can be helpful as a framework for addressing the quantitative questions 
related to the linkages between energy and water. Current capacity in the region can serve as a 
baseline for exploring further capacity-building in the DWC context. 

• How should competing water demands be prioritized? Should they be evaluated based on their 
economic values, or are there other feasible ways to value the benefits of water use? By incorporating 
economics and social consideration of into these decisions, it will be possible to have a clearer guide 
for water allocation priorities.  

• How can participatory processes support the promotion of low-carbon electricity within watersheds 
and help identify tradeoffs between water uses and energy sources? Water benefit sharing and 
autonomous social processes can motivate involvement into decision making to achieve solutions that 
can improve the conditions to access water and energy for stakeholders. 

SEI continues to formulate studies to answer those questions, and it is committed to working with 
researchers across the LAC region to develop their own studies to inform and support DWC planning.  
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