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Presentation Notes
Introduction – How many people familiar with this problem? How did I get into this? ITAP (define) and my projects over there. On the face of it, this is an issue that concerns water management and river ecosystems and, in and of itself would be of interest to most of us. But, as I’m going to show you, this issue so much broader than that. It’s tied into global food security, displaced people, refugees and immigration, climate change, environmental and social justice, and ultimately human rights. And it is an issue that is mushrooming at an unbelievable pace in areas almost all over the globe. Hydropower development is happening almost everywhere, except in this country. I will be discussing why there is so much hydropower development now and what the consequences of that development are.  	
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About 2,500 Hydropower Dams in the United States 

Photo credits: BOR

Presenter
Presentation Notes
There are about 2,500 hydropower dams in the US now. Most of these were built between the 1930s and 1970s, the era of big dam-building ended about 40 or 50 years ago. We don’t really think much about dam-building in this country anymore. For one, all the best sites available for dams have mostly been built on or they are protected. And two, we are much more aware of the negative impacts of dam-building now than we were back then. 



About 1,000 Dams Removed in the United States

Photo credit: California American Water Co./NOAA

San Clemente Dam, CA

Photo credit: Major et al. 2012 

Marmont Dam, OR
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If we think of dams at all in this country, we usually think of them in terms of dam removal now. Up until 1976, there were just a handful of dams removed. Since then, there have been over 1000 (Nova PBS – Undamming of America). Compared to the number of existing dams, that is pretty significant. There is a similar trend in parts of Europe. 	These dams are being removed primarily because of economics – either they’ve become obsolete or too costly to maintain (they have become outdated, filled with sediment, become hazardous). Or they are being removed because of environmental impacts and/or legal requirements. In the US, all non-Federal hydropower dams are relicensed every 30-50 years and when they are re-licensed, they must comply with the current federal and state regulations. You used to be able to build a dam and block fish but not anymore. Since most US dams were built before 1980, they are coming up for re-licensing. (The dams on the Klamath are being removed due to re-licensing requirements and economics. The owners determined it was more economical to remove them than provide fish passage, which they would have been required to do)



Map of 3,700 Major Hydropower Dams Planned or Under Construction 

Zarfl et al. 2015
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But in other areas of the world, dam-building is just cranking up. There are at least 3,700 major hydroelectric dams (capacity > 1 MW) are either planned (83%) or under construction (17%), mainly in countries with emerging economies - in the Andes, the Amazon, sub-Saharan Africa, the Balkans, the Himalayas, and Southeast Asia (not one in the lower 48 of the US). Doesn’t include dams for flood control, water supply, or navigation. Also, doesn’t include small hydro projects (< 1MW), which may outnumber the major dams by 10 or more and may be being planned or constructed at an even faster rate. 	In essence: We’re removing dams and the rest of the world is constructing them. So are dams the future or the past? Are they good or bad? Should countries be building them or tearing them down?  The answer is not simple. This talk will address two questions: 1) What is driving this global boom in hydropower construction? 2) And what are the impacts of this boom and are there ways mitigate or avoid those impacts? 
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Why the global boom in dam building? This graph shows the existing (2016) and projected (2040) demand in electricity for selected regions of the world. Demand in China, India, SE Asia, Middle East, and Africa all expected to increase substantially. In the US and Europe, fairly little increase projected. Global demand for electricity is expected to almost double in the next 25 years. It will outpace the increase in global demand for energy as a whole. Why?   	Increased demand for electricity due to population growth, improving economies, rural electrification efforts, and (paradoxically) climate change mitigation efforts. The largest increases in predicted demand are in China and India, countries with rapidly improving economies and over 1/3 of the world’s population. What happens in those countries has a big effect everywhere. As economies improve and living standards increase, there’s more commercial and industrial demand and households add electrical appliances and install cooling systems (mostly powered by electricity). A greater share of future global energy demand will be for electricity. The future is going electric. 		



Increasing Use of Air-Conditioning

Photo credit: Yale360
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AC is catching on everywhere – the energy use for cooling is mostly electricity. Right now AC use is concentrated in the US and Japan. The US uses as much energy on AC as the entire continent of Africa consumes for all purposes. About 90% of US homes have AC but in the hottest parts of the world (Latin America, Africa, SE Asia, and the Middle East), the percentage is only 8%. However, that is forecast to increase dramatically in the next couple decades. As incomes rise and summers get hotter, more demand for AC everywhere. There already is. Consider that the number of homes with AC in the US increased by 36 million between 1993 and 2009 (a 16 year period). In China, 50 million AC units were sold in just one year, 2010. There are forecasts that half of the world’s electricity will be used for AC in the future. 		This will put pressure on not only on overall power needs but also the generation and distribution capacity to meet peak demand. Peak power is power that is required at a rate significantly above the average level for short periods (time of day). Building and operating electrical capacity to meet peak demand is very expensive because it is only used for a limited period. Countries are turning to hydropower to satisfy some of that peak energy demand. 	Talk about the climate change connection. Most electricity (60%) is still produced from the burning of oil and coal, which produces CO2. That warms the planet, creating more demand for AC. And the HFCs that now used in cooling systems have a much larger climate-warming potential than CO2, although they are present in much smaller concentrations and are shorter-lived in the atmosphere. So climate change and hotter summers are fueling increased AC use and the increased AC use is fueling more climate change.  	



Benefits of Hydropower Dams and Reservoirs

• Clean, reliable and renewable source of power 
• Relatively inexpensive
• Energy security
• Peak demand
• Flood control
• Drought security and water supply for multiple purposes: irrigation, 

municipal, industrial  
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So that’s a little about why we see hydropower development booming. Before we talk about impacts from dams, let’s acknowledge the benefits. Some of these relate to the reasons hydropower development in particular is booming. It is an important energy source – it provides around ¾ of the electricity from renewable sources and one-fifth of the electricity generated worldwide, greater than solar or wind combined. It’s marketed as a clean, reliable source and it’s usually available and it can fill the gap when the sun doesn’t shine or the wind doesn’t blow. It can also easily meet peak demand. Many countries are looking toward hydropower development to meet their lower carbon emission targets under the Paris Climate Agreement. It’s relatively inexpensive (that’s why we have such cheap electricity here in the NW) and may be more secure or dependable than imports of fossil fuels for countries lacking oil or coal resources. And it has these other secondary benefits. But some of these benefits are questionable.   



• Clean, reliable and renewable 
source of power? (Drought 
security and greenhouse gas 
emissions)

Photo Credit: Ann Kulthida (ITAP)
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Many countries are incorporating hydropower into their energy portfolios to meet lower carbon emission targets under the Paris Climate agreement. (another climate change link). It has been and still is considered carbon-free but that may not be true. There’s evidence that hydropower reservoirs, and surface water reservoirs in general, are a significant source of greenhouse gases, mostly methane.  (Methane is much more potent than CO2 but it is also present in much smaller concentrations and shorter-lived in the atmosphere, which is why you don’t hear about it ).  GHG gas emissions from reservoirs are related to flooding/decomposition of vegetation and trees, nutrient runoff and sedimentation, frequent fluctuation of water levels. The state of California, for example, is not allowing large hydro (>30 MW) to count toward their target of 100% carbon-free electricity by 2045. 	It also may not be as reliable or renewable as it purports to be. Many hydropower operations have been threatened by droughts recently, including hydropower plants in in S America, India, Africa. There have been recent drought-related blackouts in these areas, including one in India that affected 670 million people in 2016. Even in this country, we are dealing with drought-related threats and the future of Hoover Dam in the US – they are installing new hydropower turbines at a lower elevation because of Colorado River drought and record low water levels in lake Mead. Hydropower may be more vulnerable and less reliable in the future, especially as we face more intense droughts due to climate change.   Drought security – see Baldassarre et al_2018_Water shortages worsened by reservoirs effects.pdf



• Flood control

Photo Credit: Lao government Photo Credit: BBC
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It is important to note that very few dams are able to completely control the most extreme floods. Quite commonly, there is a false sense of security for people downstream of a dam. Recall that a lot of neighborhoods in Houston were flooded during Hurricane Harvey because water had to be released from a dam to ensure that it didn’t collapse and cause even more damage. Or in the Midwest on the Missouri River in the spring of 2019.  	In another instance, record rainfall in southern state of Kerala, India caused the opening of gates at 35 of 39 dams because of safety concerns, adding to the flooding and damage downstream. A 2011 state-sponsored report had recommended a moratorium on dams in certain areas of the region but that was not implemented. (Time_2018_Why Were the Floods in India's Kerala State so Deadly)	Finally, in Laos this summer, there was a new dam that collapsed because of intense rainfall and shoddy construction standards, resulting in flooding of an entire valley, displacing thousands and killing several hundred. How many of you heard about that? In our country, the collapse of Teton Dam in 1976 in Idaho and the death of 14 people, there was a public backlash against dams. We don’t expect as much that in Laos. For one, most of the people affected were rural, poor, and uneducated. And the government doesn’t tolerate this kind of criticism. The government did call for a temporary moratorium on dam-building but it is unclear if that is really being adhered to since work is continuing on several big dams there.  	As with droughts, the occurrence of extreme pcp and flooding is expected to increase with CC.    	



Three Gorges Dam, China 

Largest Hydropower Dam in the World (22,500 MW)
Built in 2003

Image credit: NASA/Goddard Space Flight Center Scientific Visualization Studio/USGS Image credit: https://www.flickr.com/people/44048265@N00 
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Now let’s talk about impacts. The potential environmental and social impacts from dams, especially big dams, can be severe. We can just focus on one dam to illustrate those impacts. The Three Gorges Dam on the Yangtze River in China, built in 2003, is the largest hydropower dam in the world (22,500 MW – over 3x as much as Grand Coulee Dam, the largest hydropower dam in the US and a little more than 60% of the generating capacity of the entire system of dams on the Columbia River and its tribs – 36,000 MW). Three Gorges Dam has provided significant energy, improved navigation, and prevented most flooding downstream. Had the electricity generated by the dam been produced with Chinese coal instead, it would have led to a lot of air pollution.    The Three Gorges dam can store only 4.5% of the total annual average flow of the Yangtze river, but its design purpose is to eliminate smaller floods and reduce larger floods, and it has altered the downstream sediment transport significantly. (It’s Degree of Regulation – the percentage of a reservoir storage volume to annual flow volume – is 4.5%). 



Impacts of Three Gorges Dam, China
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Yet the dam created a reservoir larger than Lake Superior, displacing at least 1.3 million people who lived there (many of these reservoirs in countries with high population densities displace a lot of people because people tend to live in river valleys); the reservoir has caused numerous deadly landslides and earthquakes (reservoir-induced seismicity - Strong evidence suggests that the 2008 Chinese earthquake that killed 80,000 people may have been triggered by another reservoir, the Zipingpu Dam); flooded and destroyed habitat; prevented fish migration; trapped sediment in the reservoir and reduced river flows and sedimentation downstream leading to erosion and salt water intrusion; eliminated the floodplain fishery and flood recession farming downstream; and led to poor water quality, toxic algal blooms, and infectious diseases in the reservoir. The Chinese government has been reluctant to study or even acknowledge many of these impacts. 	Many large dams have similar negative environmental and social costs. These external costs are not often valued in analyses. On top of that, many mega hydropower dams are pushed through by a select group of individuals and corporations and the benefits from these projects do not often go to the people suffering the consequences. I’ve read that Tanzania and Kenya, with electrification rates < 20%, produce enough hydropower to supply the entire populations if it were not used for mining operations.  In other countries, hydropower is exported, which doesn’t directly benefit the people most affected by the dams. Laos wants to build a series of dams on the Mekong and export the power to Thailand. Paraguay exports much of the power from the Itaipu Dam (2nd largest dam in the world) to Brazil.           



“If you are to suffer, you should suffer in the interest of the country.” 

Indian Prime Minister Nehru, speaking to those displaced by Hirakud Dam, 1948
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I came across this quote in my reading. Unfortunately, it still seems to be the attitude in many of these countries. 



The Mekong River Dams 
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As I hydrologist for the U.S. Fish and Wildlife Service, I've had the opportunity to assess the environmental and social impacts of a major dam development project in southeast Asia. Our team of biologists and physical scientists from the U.S government evaluated a network of dams being proposed and constructed on the Mekong River system. The work is part of the US International Technical Assistance Program, one face of U.S. foreign aid. SHOW VIDEO.  Read ICM_2010_Env Assessment of Hydropower on the Mekong Mainstem in Mekong fisheries_ecology folder for summary of impacts of dams  






Sediment Transport and Flooding Regimes

Photo credits: Tim Mayer
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One big problem with the proposed dams on the Mekong (and elsewhere) is that they trap sediment and alter seasonal flooding. As velocity slows in a reservoir, the sediment drops out. The Mekong and its tributaries are sediment-heavy rivers, a chocolate-brown color all year. This is true of may river systems in countries where hydro is increasing. Flows vary greatly on a seasonal basis, with the monsoonal rainy season. Seasonal floods deposit silt and nutrients on floodplains and in backwaters of the Mekong Delta. These deposits build, nourish, and sustain the rice paddies, wetlands, and fisheries of the region. Floodplains are among the most productive ecosystems on earth, in terms of biological productivity and farmland. The Mekong Delta is a low-lying area and it is already threatened by sea-level rise due to global warming. Cut off the supply of sediment and reduce the ability of the area to accrete sediment, and you increase the threat of inundation and salt water intrusion. Cut off the supply of nutrients and you force farmers to use more costly chemical fertilizers and you reduce biological productivity in wetlands and backwaters. 	In addition, the Mekong as it flows through the Mekong Delta is currently an area of intense sand mining - if you watch the traffic on the river you’ll see an almost continuous stream of vessels carrying sand - that is fueling growth and construction in SE Asia. That practice has already depleted the river channel of sediment and caused erosion and bank instability. The problem will only be made worse with dams trapping sediment upstream and sediment-starved water flowing downstream to this area. 	Sediment trapped in reservoirs reduces the storage capacity and the functional life of the dam, especially in sediment-heavy rivers. In a short-sighted and strange twist to the Mekong River mainstem dams, we’ve heard that the agreements are for the companies that are building the dams to own and operate them for 30 years and then turn ownership over to the Laos government. They may be more of a liability by then. Brazil is assuming a 30-year life for the dams it is building in the Amazon. 	One point to make is that because the proposed mainstem dams are mostly run-of-the-river dams, they won’t affect flows to a great extent downstream. But the lowest proposed dam in the cascade, at the border of Cambodia and Laos, is the largest (2,600 MW) and is 11 miles wide. It will likely affect fish migration and flood pulses downstream on the Mekong Delta (the most important area for the floodplain fishery, farming, and grazing). So the effect on hydrology and flooding really depends on which dams are built and where. 



Fish and Fisheries

Photo credit: Tim Mayer
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The other problem with the proposed dams is the threat they pose to fish and fisheries. The Mekong River is the greatest inland fishery in the world. I’ve heard it said that this single river system produces more fish than the entire continent of Africa. About sixty million people in the region depend on fisheries for their food and livelihood. As in our country, the challenge with the dams is getting fish around them, both upstream and downstream. There are an estimated 800-1200 native fish species in the Mekong. By comparison, our own Columbia River has just 30 native fish species. With so many different species of fish on the Mekong, the problem of fish passage is very challenging. Each species has unique habitat requirements and spawning needs and abilities when it comes to dam navigation. But information on these requirements and abilities is really sparse. So it is uncertain whether many of the migratory fish species will be able to ascend fish ladders, survive the trip downstream through turbines or spillways, or be adversely affected by altered flows and flooding on the river. 	This is common in many countries. Information on fish and fisheries is lacking in many of these areas. Much of the fishery is subsistence and is not reported. Many species are unknown or little is known about their life histories and environmental requirements. A big problem in trying to assess impacts and mitigate them. At present, most devices (“ladders”) designed to help migrating species get around dams do not work.	Preliminary studies (ours and others) of the combined impact of reduced sediment and nutrients, altered flood flows, and the barrier effects of the dams on the Mekong indicate that at least 50% of the capture fishery yield could be lost if all of the proposed dams on mainstem river and its tributaries are built. These estimates are consistent with what has been observed after major dams have been built on other major rivers. When Tucurui Dam in Brazil  (5th largest in the world) was constructed, fish catch declined by 60% and shrimp harvest declined by 66%. The Senegal River in Africa lost 50% of its fishery after a dam was constructed there.  	The argument is often made that reservoirs can make up for this loss of floodplain fishery. But fish yields on floodplains are 20-200 times the yields of large reservoirs – large reservoirs: 10-15 kg/ha/yr, Floodplains: 200-2000 kg/ha/yr (maybe). And the floodplain fishery can extend for hundreds of miles downstream and also supports fishing and grazing. Floodplain fisheries, farming, and grazing have been neglected when assessing dam impacts, although that’s starting to be recognized.                       



People

Photo credits: Tim Mayer
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The other issue the video mentioned was impacts to people. When we think of dams impacting people, we think of people being displaced by the reservoir. But the number of displaced people is usually much smaller than the number of people downstream who are affected by dams. And those people do have the lives severely disrupted. However, there are orders of magnitude more people downstream who are affected by the impacts of dams on sediments, nutrients, flood flows, and fish passage. These are riparian communities that depend on floodplain grazing and farming, and floodplain fisheries. Worldwide, about 470 million people have been negatively affected by large dams, this is maybe 10 times the number directly displaced by reservoirs. The majority of those are people living downstream from dams. Often, these are impoverished, vulnerable populations, fishermen and farmers or indigenous people who have lived in these areas for decades or centuries and may find it hard to adapt. There has typically been little thought for mitigation or compensation for these people. That’s changing though. 	I may have romanticized the images in this video – the reality is these people may not want to continue to make their living fishing from canoes or farming with water buffalo. They may want to live the way we live. But I want to make this point -  The big problem with hydropower development, as I see it, is that the people affected by the dams (especially those downstream) don’t benefit from them. The electricity, flood control and irrigation benefits from dams typically go to urban areas, mines, and industrial ag and not riparian communities.  (Moran et al 2018).  These benefits often pass over the riparian populations living on the river – sometimes literally, as in transmission lines going right overhead or water pipelines for irrigation going right next to villages with no connection. Too often, the people downstream are not consulted on what they want or not considered in any impacts analyses. And often, they live in countries with oppressive governments that don’t tolerate dissent or protest. And the rural poor are mainly just preoccupied with surviving and making a living so they may not even have a voice.   	That said, it was the Vietnam government that funded the Mekong Delta study that we peer-reviewed and that study was free to investigate and discuss all the negative impacts of the dams. However, keep in mind that few people in Vietnam stood to gain anything from these dams. Vietnam has built lots of other dams. 	The Democratic Republic of Congo is proposing to build the largest dam in the world – 40 GW or almost twice the output of the Three Gorges Dam in China – however, all the electricity will be exported, even though 90% of the people in the country don’t have electricity. 



Tonle Sap Lake, Cambodia

By Mkummu, CC BY 2.5, https://commons.wikimedia.org/w/index.php?curid=2351587
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There is a special system in the Mekong, the Tonle Sap lake, that I want to discuss further. The Tonle Sap (the Great Lake) is the largest wetland in South-east Asia, located north-west of the Cambodian capital, Phnom Penh (Fig. 1). We visited this site during the rainy season on one our trips to the region, spent a night out on a houseboat in the middle of the lake. The lake is directly connected to the Mekong River through the largest natural freshwater flow reversal system in the world. During the dry season (October–May), the Tonle Sap River discharges from the lake towards the Mekong. When the monsoon reaches the Mekong basin, the level of the river rises to a much higher level than the Tonle Sap, forcing the Tonle Sap River to reverse its flow towards the lake. The lake expands to almost 6 times its size. Depths increase about 7-fold, from 1.5 m to almost 11 m.   



Tonle Sap Lake – Fish and Flooded Forests

Photo credits: Tim Mayer
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A belt of freshwater mangroves known as the "flooded forest" surrounds the lake. This flood forest becomes a prime breeding ground for fish and lots of other species. Many fish species also migrate back and forth between the lake and the Mekong, breeding in the Mekong and its tribs in the dry season and returning to the lake in the wet season. Seven species of water snakes, which promote the largest snake harvest on the planet, are permanent residents of the gallery forest and adjacent habitats. There are several endangered bird species that reside at the lake as well.  



Tonle Sap Lake – People

Photo credits: Tim Mayer
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About 1.7 million live on or near the lake (as of 2008), many living full-time in floating houses or villages on the lake like the one shown here or in the video. These people don’t really venture on land. The majority of the people in or around the lake are dependent on agriculture and fishing, and much of their protein source comes directly from fish and other aquatic organisms harvested in the open lake and inundated habitats. Agricultural fields (mainly rice paddies) are an integral component of the Tonle Sap area, representing nearly one-third of the wetland area.	Talk about Sambor Dam upstream. The ongoing hydropower development is likely to affect the flow regimes and the annual flood pulse, reducing the peak floods and flooded area in the lake and increasing the area flooded during the dry season, essentially stabilizing the hydrograph. Fish migration to and from the Mekong and its tribs and the lake may be disrupted by dams as well. So there is a lot of concern about the lake and wetland, because it is so unique and so important to so many people. The effects on hydrology and fish passage really depend on which dams are actually built and how close they are to the lake.  



Mitigating the Impacts of Mekong Dams
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As, I said in the video, our study and other studies have been encouraging the Mekong countries to eliminate some or all the dams planned for the lower part of the river, especially the largest and further downstream dam, Sambor Dam, that I mentioned earlier. The impacts of dams in general depend a great deal on their location.  There is also pressure to design and operate the dams in an environmentally sustainable manner. Sediment sluices with large flows to move sediment through. Fish passage? Environmental flows? 



Mitigating the Impacts of Dams

Account for all the environmental and social costs of any new dam. 

Avoid building dams in the wrong locations. 

Design dams and operate them with consideration given to ecosystem 
services and other needs, not just energy production.

Consider cumulative impacts from all dams in a system.
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The issue shouldn’t necessarily be framed as dams versus no dams. There will be dams on the Mekong and elsewhere. The more appropriate question is: How can dams be located and operated to balance all interests? 1) Don’t ignore or undervalue downstream effects, as so often been done. This is difficult because there is often little information on biological, ecological, or social benefits. 2) Some dams just should not be built – Sambor Dam that I mentioned is one. There are good locations for dams too - Nam Theun 2, Laos – located in a flat valley that was severely degraded by bombing  during the war. Very few people, little wildlife – very flat so it could silt up rapidly. Because of that, the surrounding forest was protected. Resettled people were consulted as to their dream village, have exclusive rights to reservoir fishing.  3) Design/operate dams to ensure fish passage (difficult to do w/o knowledge of the fish), to manage sediment (pass sediment around or through reservoirs), to provide environmental flows downstream or design an off-channel structure or instream turbine instead (damless hydro or micro hydro). Note the increased use of pumped hydro at existing dams as opposed to other new hydro dams – which provides backup (peak) power, not base power.4) Inherent in any decision on dams is a trade-off between energy and conservation and food security. Often, dams can be located and operated in a way that maximizes energy production but also preserves fisheries, biodiversity, flooding regimes, and sediment transport. There are so many more tools with which to evaluate dam design and location now than when we developed hydropower in this country.  (Imagine if we had had that info – would we have built the lower Snake R dams? A 2005 study showed that one could remove 12 dams in the Willamette and re-connect half of the basin while losing just 2% of the hydropower and water storage capacity) There are also various analyses can help identify how dams should be designed and deployed in order to generate a desired amount of energy while having the lowest impacts on other values (like fish populations). Often, you can target certain tributary rivers with existing dams on them and preserve other free-flowing tributaries. Comprehensive and system-scale planning can direct development toward the most appropriate places and away from the most important or vulnerable rivers or sections of rivers.  



Magdalena River Basin – Colombia  
Two scenarios with similar hydropower capacity, but left Scenario increases river 
fragmentation more than right Scenario.

Planned Dams

Existing Dams

Longest Connected Network

Figure from Opperman et al_2015_The Power of Rivers

Presenter
Presentation Notes
Optimizing hydropower development at the river basin scale to reduce fragmentation. TNC has developed a procedure to evaluate a number of potential development scenarios in a basin to maximize energy production and reduce river fragmentation, thereby preserving ecosystem services and reducing costly project delays and unintended consequences. Basically, locate new dams in tributaries with existing dams instead of reaches that are still free-flowing. 



Success Stories

Reventazon Dam – Costa Rica
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There are some encouraging signs that our government and other governments, the World Bank, and NGOs like The Nature Conservancy and International Rivers are getting the message out to countries developing hydropower. One example is Costa Rica and the Reventazon Dam. 80% of the electricity in Costa Rica comes from hydro now and the country has set a goal to be carbon neutral by 2021. Hydropower is the only reason that Costa Rica has a shot at that goal. 	They have just completed construction of the largest dam in Central America, the Reventazon Dam (305 MW). The dam is built it on a river that has had a number of dams upstream and on the tributaries for the last 50 years. It is also in an area that wasn’t very populated at all so there wasn’t much direct displacement of people. They preserved the surrounding upland and riparian forest as habitat and as a jaguar corridor. In the process, the forests protect the reservoir from erosion and sedimentation. The dam is operated to maintain environmental flows downstream  



Success Stories

Reventazon Dam – Costa Rica Navarro 2017

Presenter
Presentation Notes
To further compensate for the cumulative effects of this dam and the others on the river, the government agreed to evaluate the characteristics of nine major rivers that flow into the Caribbean and select one of those for protection in perpetuity. It was one of the more ambitious mitigation plans I’ve seen in a developing country. The Parismina River, a sister river that flows to the north of the Reventazon River and shown on the map here was selected. This river is dam-free and is comparable, in many ways, to the Reventazon.  It will remain dam-free in the future.    	China, Russia, Cambodia, Laos, Chile, Brazil, and other countries have either stalled or cancelled plans for major hydropower dams while they evaluate them more carefully. While World Bank and other US/European organizations have been praised for considering environmental and social costs, funders with low environmental standards (like China and Arab banks) are reportedly ignoring impacts when building dams in other countries. They claim it is the responsibility of the host country and local governments.  	China and other countries are installing floating photovoltaics on reservoirs to take advantage of the dams transmission lines and reduce evap from the reservoir, and not occupy land with solar panels. 	



Alternatives to Hydropower

• Solar/Wind/Geothermal/Biopower – 14% of all generation capacity 
globally as of 2017
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	Solar/Wind/Biopower –In 2016, renewables (excluding hydropower) had an installed capacity of 928GW, representing 14% of the global installed power capacity of 6,473 GW. Compared to 19% to hydropower, that’s pretty significant. 	The challenge is twofold: First, storage. Produces power when the sun shines and the wind blows, not necessarily when you need electricity. And second, you have the immediate need of replacing thermal power (coal and gas) that currently produces 60% of all power with cleaner energy and the additional need of meeting the increased demand for electricity coming on-line in the future.  



Take-Home Messages

• Dams are being planned or constructed all over the world in response 
to the increased demand for electricity. 

• There are large social and environmental costs with dams.  

• It is possible to locate, design and operate dams to maximize energy 
production and protect other ecosystems services and benefits. 


	A Big Dam Problem: The Global Boom in Hydroelectric Development
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Benefits of Hydropower Dams and Reservoirs
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Tonle Sap Lake – Fish and Flooded Forests
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Alternatives to Hydropower
	Take-Home Messages

