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Abstract 

Ethiopia is a nation endowed with huge amount of water, wind, solar and geothermal energy potentials. 

However, regardless of its enormous potentials the energy system is highly dependent on traditional fossil 

fuels and biomass and only about 32% of the nation‟s population has access to electricity. Given this fact, 

the country has engaged itself in unprecedented multimillion dollar energy projects in recent years. 

However, some of the projects and the construction of huge dams have raised controversy over 

sustainability issues. In this thesis work, the potentials and opportunities of the Ethiopian energy systems 

and the sustainability of the ongoing and planned energy projects are discussed. Their social, 

environmental and economic implications are also addressed based on an in depth literature review. A 

survey was also conducted through questionnaire to research people‟s opinion on the current projects and 

their implications and results were interpreted using Web HIPRE software. It is concluded that the 

surveyed group, selected and contacted randomly, believe that the economy is the most important aspect 

for the country to consider giving it a weight of 43% over the social (29%) and environmental (28%) 

aspects. The Web HIPRE analysis also showed that respondents support the current hydropower projects 

on the Gibe River. Different important stakeholder such as farmers, fishermen and other inhabitants of the 

area who are directly affected (positively or negatively) by the projects and also people from EEPCo and 

other concerned bodies such as policy makers are not included in this survey due to communication 

problems to gather data. The inclusion of data from such key stakeholder could have potentially changed 

the outcome of the survey. It is also concluded that while there are lots of rooms for improvements on the 

projects (prior and post construction), some of the criticisms encircling the project seem to lack all 

rounded understanding of the social and economic needs of the country as well as the long term ecosystem 

implications of the projects. It is also concluded that Ethiopia, if it uses its energy potentials properly, 

could not only meet its energy demands but also be a giant energy supplier to east African nations in a few 

years. 
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Chapter 1 

Introduction 

While the global energy demand is skyrocketing, the hunt for cleaner, cheaper and more sustainable 

energy resources has been a hot issue in the past few decades. Following that, many nations have 

managed to reduce their dependence on traditional energy systems while others find it unaffordable due to 

their economic situations and technological incapability. The Ethiopian energy sector, regardless of the 

nation’s enormous energy potentials, is highly dependent on traditional fossil fuel energy sources and 

biomass such as wood, animal dung etc. This chapter briefly gives an insight to the current global and 

Ethiopian energy situation and presents the research motivation, project objectives and the methodology 

followed for this thesis work. 

1.1 Introduction 

Throughout the entire history of mankind, nature has offered us all its resources for free. 

However, most of these resources are limited by nature and the unwise and improper use of these 

resources is leading us to non-sustainable lifestyles and it is endangering the future of the planet. 

The ecosystem is under enormous pressure as its carrying capacity is being washed away due to 

our ever increasing consumption that results in overexploitation of resources and devastating 

pollution. Consequently, many scholars and environmentalists across the globe have tried their 

best to address associated diplomatic challenges of our time and propose alternative ways to deal 

with the situation. Given all the present and future challenges of the planet, the World 

Commission on Environment and Development presented a conceptual report in 1987 entitled 

“Our Common Future” (WCED, 1987). The report focuses on global issues and addresses the 

problems from three different angles; economic growth, environmental protection and social 

equity and proposed „Sustainable Development‟ as the general solution to these problems (Ibid.). 

Since then, people have showed their concern to the environment by fighting all the odds against 

it; environmentalists have said their say and governments, in spite of lack of adequate action, 

have also proved their commitment to fight the challenges of our planet; educational institutions 
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are producing educated personnel in the area and researchers have underlined the importance of 

sustainable development to the planet‟s future. 

Consequently, replacing our traditional fossil fuel dependent energy systems with sustainable 

energy systems has got worldwide attention in the past few decades. Wind, solar, hydropower 

and geothermal energies are among the sustainable and/or renewable energy sources that could 

satisfy our energy demands while least affecting the balance of the ecosystem. While nuclear 

energy has been used as an alternative source of energy for over half a century, recently biofuels 

(such as ethanol, biodiesel, etc) have also become widely accepted alternatives to fossil fuels. 

Generally, our day to day activities are creating grave social and environmental impacts to our 

planet Earth and the question of having ample and sustainable energy resources has become one 

of the biggest diplomatic challenges of our time. As the law of conservation of energy says, 

energy cannot be created or destroyed, but it can only be transformed from one form to another. 

However, our demand for convenient forms of energy (such as heat, electricity, etc) is growing 

alarmingly and so is the pressure we bear on the planet. According to a World Bank report, the 

world average energy use per capita has increased from 1,338 kilograms in 1971 to 1,819 

kilograms of oil equivalent in 2007. On the other hand, GWEC (2008) reported that the power 

sector is the largest source of emission accounting for 40% of CO2 emissions and about 25% of 

overall emissions. Consequently, solving problems related to this sector is of vital importance to 

the environment, the global society and our economy. 

1.2 Research Motivation 

Given the complex, endless and multidimensional global social, environmental and economic 

challenges that we are facing, different actors have found themselves engaged, in one level or 

another, in the movement towards reducing the negative impacts of our actions. Different 

universities and research centers have devoted themselves to find the core of the problem and 

propose solutions; many industries claim to have reduced their CO2 emission levels while others 

keep playing their „behind the curtain‟ tricks to maximize profit; different societies have showed 

their commitment to the environment while others, for one or other reasons, fail to live up to that 

standard. Environmentalists, policy makers, economists, engineers as well as NGOs and 

governmental bodies are among the different actors working towards a better world. 
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As discussed above, the quest for cleaner and more sustainable energy resources has reached 

its maxima in the past few decades. Many countries have managed to reduce their dependence on 

traditional energy systems through new innovations and improved infrastructure while others still 

depend largely, in some cases almost entirely, on fossil fuels. Ethiopia, for instance, is a country 

where its energy system is highly dependent on petroleum imports. Wood is also used as the main 

source of energy in rural households for cooking and other purposes. 

 Ethiopia, located in the horn of Africa, is a country endowed with huge amount of hydro, 

wind, geothermal and solar power potentials. However, only a small portion of these resources 

has been utilized so far and less than a third of the nation‟s population has access to electricity. Its 

hydropower potential, for instance, is estimated to be up to 45GW (DFIP, 2009), the second 

largest hydropower potential in Africa next to Congo (Block, 2007). Yet only about 2% of this 

potential is developed so far. Similarly, the solar and wind potentials have been researched and 

found to be considerable (Bekele & Palm, 2009; Bekele & Palm, 2010; Wolde-Ghiorgis, 1988; 

Mulugetta & Drake, 1996) but no substantial development has been seen in these energy systems 

so far. The energy sector of the country is rather based on oil import and about 96% of the 

population being dependent on biomass, such as burning of wood, animal manure and crop waste. 

However, the huge amount of wood consumption, especially in rural areas, is a catastrophe to the 

environment as tree plantation to replace them is not so common. The resulted deforestation that 

has been going on for many decades is also a cause to biodiversity loss and soil erosion which in 

turn affects the balance of the ecosystem. Together with that, the use of wood in rural areas has 

also social concerns such as smoke caused health problems, burnings, etc. 

The transportation sector of the country is also one of the most important sectors to consider 

whenever energy consumption is discussed as the majority of petroleum import and a 

considerable CO2 emission in the country is associated with it. The main cities and towns of the 

country are connected by bus transportation while taxies, supplemented by private cars and city 

busses, give the main transportation service within cities. There is a huge raw-material and goods 

transportation between Djibouti Port and Addis Ababa, the capital of Ethiopia, as Ethiopia uses 

this port as its main passage way to its import and export. Even though the transport sector 

consumes only about 4% of the country‟s total energy consumption as of 1999, about 77% of the 

country‟s foreign currency earnings is dedicated for the import of fossil fuel energy (Heckett & 
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Aklilu, 2008). However, while it is clear that train transportation would reduce some social, 

economic and environmental burdens such as CO2 reduction etc, Ethiopia has only a single 

railway that runs from Djibouti to the nation‟s capital and it is mainly used for goods 

transportation. 

Generally, the large energy consumption in the form of imported petroleum and that of 

burning wood poses different environmental problems such as air pollution, biodiversity loss, soil 

erosion, etc as well as health hazards to societies such as breathing problem and some chemicals 

that are found in wood smoke are found to be carcinogenic. The sector also poses an economic 

challenge to the country as up to 77 % of Ethiopia‟s total export earnings goes directly to meet 

nation‟s fuel demand. As a result it is very important to find a way to deal with the situation and 

reduce the social, environmental and economic challenges of the country by developing different 

sustainable energy supply systems. 

1.3 Aim of the Project 

Given the above mentioned social, environmental and economic concerns of our time and the 

need to a profound energy development in Ethiopia, the aim of this thesis work is to investigate 

the different energy potentials of Ethiopia and consequently propose possible ways to maximize 

the utilization of cleaner, safer and cheaper energy. Added to that, this thesis work also analyses 

the social, environmental and economic implications of ongoing and planned energy 

development projects in Ethiopia and suggests more sustainable approaches based on the 10 years 

(from 2010 to 2020) energy and transportation plans of the country. 

1.4 Methodology 

To conduct the project different literatures were studied carefully. Different articles and 

books were used as main resources and different energy policies of Ethiopia were investigated. 

Added to that, a survey was also conducted through questionnaire to find out whether Ethiopians 

are for or against the current ongoing multimillion energy projects in the country. Web HIPRE, a 

software that facilitates a decision making analysis, was used to analyze the survey results. Based 

on the qualitative and quantitative analysis of the reviewed literature and the conducted survey 

and consequent Web HIPRE analysis, different conclusions and recommendations are drawn for 

more socially suitable, environmentally acceptable and  economically feasible energy projects. 
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Chapter 2 

The Global Energy System: A Literature 

Review 

The ever increasing worldwide energy consumption and the negative impacts it poses on the environment 

are quite serious with both the annual consumption of energy and CO2 emissions almost doubling from 

the early 1970’s level. This chapter briefly presents about our global energy consumption trends, history 

and status of the different renewable energy systems such as hydro, wind and solar energies. It also 

discusses about the recent and fast emerging of biofuels and their pros and cons. The contribution of 

nuclear energy to the world energy systems is also addressed. 

2.1 The Global Energy System: A Literature Review 

2.1.1  Global Energy Consumption and Renewable Energy Resources 

As pointed out in the previous chapter, while our activities are posing severe social and 

environmental impacts to our planet, our energy demands keep escalating. A 2009 report by 

International Energy Agency revealed that the world total energy consumption has almost 

doubled from just 4,675 Mtoe
1
 in 1971 to 8,286 Mtoe in 2007 (IEA, 2009). While fossil energy 

sources dominantly supply these energy demands providing over 81% of the world‟s primary 

energy supply, renewable energies provide a little less than 13% and nuclear power accounts for 

6% of the share. Of these energy systems, biomass contributes to more than three-fourth of the 

renewable energy supplies while hydro represents about 17% and about 5.5% of the supply 

comes from other forms of renewable energies such as geothermal, solar, wind, heat, etc (Ibid.). 

While oil accounts for about 42.6% of the total energy consumption as of 2007, more than 60% 

of the oil was directly associated with the transportation sector and only about 9% linked to the 

industrial sector (Ibid.). The share of energy consumption by resources is showed in figure 1. 

                                                           
1 toe = tonne of oil equivalent = 107 kcal = 11.63 GWh. 
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Figure 1: World total primary energy supply 1971 to 2007 by fuel, Mtoe (Source: IEA, 2009) 

The total CO2 emission resulted from the ever increasing energy consumption has also 

skyrocketed reaching 28,962Mt just from 15,640Mt of CO2 for the same period. While coal/peat 

is accountable for about 42.2% of the total world emission in 2007, about 37.6% of the emission 

is associated with oil (Ibid.). The power sector is the largest source of emission accounting for 

40% of CO2 emissions and about 25% of overall emissions (GWEC, 2008). Consequently, 

solving problems related to this sector is of vital importance to the environment, the global 

society and the world economy. 

Today most of the energy systems around the world are unsustainable and/or nonrenewable 

and many, if not most, power plants function using outdated and inefficient technologies that 

have been built many decades ago. They harm not only the environment but some of them, such 

as coal, pose health problems as well. On the other hand, while our overall energy consumption is 

huge, oil contributes to the majority of it. This high consumption habit might lead us to an oil 

peak sooner than anticipated. The question “what are we going to do when we run out of oil?” 

seems a question that most of us do not give attention for (as much as we should). Associated 

cost and emission issues must also be highlighted. In fact 80% of the energy demand can‟t be 

replaced overnight and it might take decades to deal with. Accordingly, it is a must that we rush 

towards the alternatives so that we might manage to avert the grave consequences before it is too 

late. If the world strives enough, it is widely anticipated that by the year 2050 the global CO2 

emission can be reduced to up to 75% from the 1985 level by adopting renewable energy 

resources and improving our energy efficiently alone (Kalogirou, 2009). The following sections 

briefly present a summary of the different sustainable and/or renewable energy systems. 
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2.1.2 Our Renewable Energy Sources 

As discussed in the previous section, most of the energy that we consume today comes from 

energy sources that are expensive, highly polluting and non-sustainable in their nature. In 

contrast, most of our renewable systems such as hydro, wind solar and geothermal energies cause 

very little environmental impact and in most cases their social impacts are rated low. They have 

very little operational costs and in most cases have low maintenance costs associated with them 

(Alternative Energy Source, Online). While the direct cost of conventional energy systems are 

increasing continuously, the only direct costs of most renewable energy systems are those costs 

needed to make the technology available (Girardet, 2007). The main drawbacks with some of 

these energy systems, mainly wind and solar energies, are cost and also that the energy output 

from these systems is very dependent on many factors and there is a continuous output 

fluctuation from these systems. As a result, they can‟t be considered as main supply systems. 

However, integrating the different energy systems has been a widely accepted means to deal with 

the situation. According to Girardet (2007) “Hybrid energy systems with alternating 

complementary power plants (like wind power and biomass generators) will be a further 

significant option. These technologies will remove the alleged barriers of irregular wind and 

solar radiation patterns.” 

2.1.2.1 Water 

The use of hydroelectric power started in the 1890s. Electricity generation from hydropower 

uses the water stored in reservoirs to drive turbine generators where the amount of the power 

generated depends on the amount of water flow and the head (the height difference between the 

source and the water's outflow). Since its start, hydropower has played a great role as an energy 

source and today it supplies about 2.2% of the world energy consumption (IEA, 2009). There are 

no considerable emissions associated to the industry and operational costs are minimal. 

Maintenance costs are also low as hydropower plants are very reliable in their nature. However, 

the construction of dam and reservoirs together with water diversion usually raises some social 

and environmental concerns. Large dams and river diversions are usually criticized for destroying 

not only aquatic habitat but also the destruction of fisheries and the extinction of species and in 

general the overall losses of ecosystem balance (Rosenberg et al., 2008). Relocation of people for 

the purpose of dam construction has also affected millions of people around the world. According 
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to a 2008 report by International Rivers, for instance, “… dams have physically displaced 40-80 

million people worldwide, and most of these people have never regained their former livelihoods. 

In many cases, dams have led to a significant and irreversible loss of species and ecosystems, 

and efforts to mitigate these impacts have often not been successful.” After stating the benefits of 

hydroelectric power, Pimentel (2008) also pointed out that these plants cause major 

environmental problems. The author argues that in one hand, the impounded water frequently 

covers valuable, agriculturally productive, alluvial bottomland and on the other hand, the 

sediments build up behind the dams creates major environmental problem (Pimentel, 2008). 

Another drawback of hydro as a source of energy is the increase of mercury (Hg) 

concentration in fish in newly constructed reservoirs posing health threat to fish consumers 

(Hylander et al., 2006). For instance, two different studies conducted on Lago Manso, a 

hydroelectric reservoir in Brazil, concluded that mercury levels in fish as well as downstream of 

the reservoir have increased significantly compared to the background levels (Hylander et al., 

2006; Tuomola et al., 2008). To the best of the author‟s knowledge, however, no study has been 

conducted addressing mercury concentration issues in Ethiopians reservoirs. However, a study 

conducted on four different reservoirs in Tanzania, a close region to Ethiopia, showed that fish 

mercury levels in the studied hydroelectric reservoirs found to be very low compared to the levels 

reported from other reservoirs in temperate and tropical regions; yielding as much as three to 22 

times lower than reported average concentration levels in carnivorous fish species from Tucurui, 

Balbina (Brazil) and Guri (Venezuela) (Ikingura & Akagib, 2003). Different researches have 

been carried out discussing this mercury concentration issue in connection with dams around the 

world including Porvari (1999), Larssen (2010), Bodaly et al. (2007), Verta, Rekolainen & 

Kinnunen (1986). 

In addition to the environmental problems that have been discussed, one of the drawbacks of 

hydropower is associated with the failure of dams. The Banqiao Dam failure that happened in 

Southern China in 1975 that resulted in the deaths of 26,000 people (immediate fatalities alone), 

for instance, was one of the largest manmade disasters in history (Burgherr & Hirschberg, 2008). 

Similarly, the Vajont Dam incident in Italy in the fall of 1963 is another example where a 

landslide resulted in the failure of the dam and consequently causing the loss of about 2,000 lives 

(Kilburn & Petley, 2003). 
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However, properly designed hydropower plants have been contributing to meet our energy 

demand for over a century. While many countries, such as Norway, where hydropower provides 

nearly all of the country's electricity, have ample hydropower potential to meet their electricity 

demands, other countries have either economic water scarcity, such as Ethiopia, or physical water 

scarcity, such as Saudi Arabia. In areas where there is an economic water scarcity the share of 

hydropower can be maximized through technology and economic improvements while in areas 

where there is a physical water scarcity it is more sustainable to shift to other sources of energy 

such as solar and wind. 

2.1.2.2 Wind 

Wind energy has been part of our life for thousands of years supplying energy in different 

forms and recently has become one of the most promising renewable sources of energy. In the 

past few decades, different researches have been carried out and an enormous potential of wind 

energy has been discovered across the globe. This worldwide wind energy potential is 

approximated to be about 278,000 TWh per year of which about 39,000 TWh supply per year 

could be sustainably used in the long run. This figure is more than double of the current global 

electricity demand (GWEC, 2008). In recent years many countries have installed large wind 

farms and are enjoying the benefits of it. For instance, Germany leads Europe with a total 

installed capacity of 25,777MW generating 38 TWh of wind power in 2009. Wind power in 

Denmark produces the equivalent of about 20% of nation‟s electricity consumption and 

Energinet.dk, the Danish Transmission System Operator, has set a target of generating 50% of 

Denmark‟s power demand by 2025 (GWEC, 2010). Even though this is significantly higher 

figure compared to other countries, because of the intermittent character of wind power most of 

the electricity produced in Denmark is exported. For instance, West Denmark has in average 

exported 57% of the wind power it generated while East Denmark exported an average of 45% 

for a period of eight years (CEPOS, 2009). As of 2009, the United States has become world‟s 

leader with a total installed capacity of 35,064 MW (22.1% of the world‟s total) followed by 

China with installed capacity of 25,805 MW (16.3%) and Germany with installed capacity of 

25,777 MW (16.3%) (GWEC, 2010). 

The drawback of these energy systems is there is no certainty if the wind blows at some point 

in time and there is no means of storing electricity (or very expensive to store energy) from the 
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high hours of generation. As a result, this source of energy could only be used as a supplement to 

other more reliable sources of energies such as hydropower. The impacts of wind energy on the 

environment are regarded as very low with the direct CO2 emission being zero and the indirect 

CO2 emission being very small (Manwell et al., 2002; Sovacool, 2008). However, a few negative 

impacts of the energy system are also raised. Manwell et al. (2002), for instance, has discussed 

the issue and has categorized the potential negative impacts of wind energy as: avian interaction 

with wind turbines, visual impact of wind turbines, wind turbine noise, electromagnetic 

interference effects of wind turbines, land-use impact of wind power systems (amount of land 

potentially disturbed by a wind farm, access roads and erosion and/or dust emission, etc) and 

other impact considerations (safety, impact on flora and fauna, shadow flicker and flashing, etc). 

The other main drawback of wind energy is the fact that the construction of wind turbines can be 

very expensive depending on different factors such as its size. 

Generally, wind energy is a genuinely promising source of energy and it is one of the few 

green energy systems having an everlasting nature. As a result, proper use of the resource through 

sustainable project designs would significantly contribute in solving the energy crisis
2
 that the 

world is facing. 

2.1.2.3 Solar 

Solar energy is among the most attractive renewable energy sources available on the planet. 

It is very abundant in nature and is available for free with the main drawback to-date being the 

low efficiency and high price per kWh of solar cells. The low efficiency of solar cells leads to the 

need of large areas (huge solar cells) if solar production on a large scale is needed. Consequently, 

different recent studies are focusing on solar cell designs to make them cheaper and/or more 

efficient for that their efficiency is what makes them more competent with other renewable 

energy systems. The lack of technology to store energy is also another challenge to the system as 

there is a considerable amount of power output difference during each hour of the day and 

seasons of the year. 

                                                           
2 Energy crisis in this context is used to imply the fact that satisfying the global energy needs with cleaner, cheaper and 

environmental friendly energy systems has become a great diplomatic challenge. 



 Ethiopian Energy Systems: Potentials, Opportunities and Sustainable Utilization 

 

11 | P a g e  

 

Except for those limitations, solar energy is may be the most abundant of all renewable 

energies. According to Girardet (2007), “The sun, with its by-products (wind, water, biomass, 

waves) supplies our planet with 15,000 times more energy per day than the earth actually 

consumes.” While Şen (2008) approximated the amount to be 10,000 times the yearly global 

consumption, the author argues that this energy will last for up to 5 × 10
9
 years, which is the 

earth‟s remaining life. Similarly, after approximating the total energy that the earth intercepts to 

about 1.8 × 10
17

 watts of solar energy, Pimentel (2008) also estimated this energy to be about 

14,000 times the rate at which humankind produces energy from fossil fuels, nuclear, 

hydropower, wood and other biomass combined. Approximating the amount of sunlight that 

strikes the earth‟s atmosphere to 1.75 x 10
17

 watts and assuming that 60% of transmitted through 

the atmospheric cloud cover, Kalogirou (2009) calculated the amount of energy that reaches the 

earth‟s surface to be about 1.05 x 10
17

. Converting only 1% of this energy with a 10% efficient 

system alone would provide us with an energy amount that is as much as four times the 

forecasted global energy demand for the year 2050 (Ibid.). In fact over 70% of the Earth‟s surface 

is covered with water and it is not technologically feasible to intercept the solar energy from sea 

surfaces. However, developing different research projects in the segment might be of great 

importance to benefit from this energy source. Especially areas located around the equator have a 

considerably high solar energy concentration to overcome our energy challenges. 

The global solar energy production is setting a rapid increase in recent years. According to a 

report from REN21 (2009), grid-connected solar PV has been the fastest growing (percentage 

increase) power generation technology, showing a 70% increase in existing capacity in 2008; 

which is a six-fold increase in global capacity of the sector since 2004. Germany and China are 

the leading countries with existing capacity as of end-2008 in solar PV (grid-connected) and solar 

hot water/heat respectively. Greenpeace (2008) reported that the total global installed capacity of 

solar photovoltaic (PV) systems was more than 9,200 MW by the end of 2007 peaking from just 

1,200 MW at the end of 2000. It is predicted that the total installed capacity of solar cells would 

hit 1,864 GW by 2030 (Ibid.). 
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2.1.2.4 Biofuels:  Ethanol and Biodiesel 

Recent trends in the energy sector have showed a dramatic move towards biofuels. 

Consequently, many countries have managed to reduce their dependency on oil considerably. 

Biofuels, predominantly produced from biomass, are a wide range of fuels in the form of solid 

biomass (such as bio-char), liquid fuels (such as ethanol, biodiesel and vegetable oil) and various 

biogases (such as biogas, biosyngas and biohydrogen) (Demirbas, 2009). While ethanol and 

biodiesel are the most common biofuel types, the United States and Brazil are by far the two top 

producers of ethanol in the world; together producing nearly 89% of the world ethanol production 

in 2009 (RFA, 2010). United States was the leader among the two representing 55% of the 

world‟s ethanol production. Brazil uses sugarcane for its ethanol production, while corn is used 

as the main feedstock for the production of ethanol in the United States, accounting for 98% of 

the input. Ethanol production has shown a remarkable increase in the United States in recent 

years and as a result many sectors have suffered a downturn. Following the expansion of the 

sector, for instance, soybean planting has declined by 15% and cotton planting showed a 28% 

decline in the country (Pimentel, 2008). Similarly, the author noted that this rapid rise in ethanol 

production from corn is affecting crop, animal and food productions and, in due course, the well-

being of households (Ibid.). While many question the sustainability of this industry, current 

advancements in agricultural technologies in the US are expected to produce corn that is enough 

to produce nearly 18 billion gallons of ethanol by 2015. This amount is more than 10% of the 

country‟s gasoline demand (Soetaert & Vandamme, 2009). 

Brazil in the contrary has been considered as a role model in the sector as the industry uses 

sugarcane as its input for ethanol production. While Brazil has over three decades of experience 

in the sector and many praise its success, different reports usually contradict to each other over its 

sustainability. Soetaert & Vandamme (2009), for instance, argue that due to land availability the 

potential impact of large scale ethanol production can be minimum. It is also presented that 

sugarcane is not directly responsible for deforestation in Brazil (Soetaert & Vandamme, 2009; 

Pimentel, 2008). Contrary to this, after presenting the substantial increase of sugarcane and soy 

productions in recent years in Mercosur countries, a 2008 report by Friends of the Earth argues 

that the rising ethanol production in Brazil is behind the growth of sugarcane production. The 

report concluded that this production increase causes significant environmental impacts leading 
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to natural resources destruction (soil, water, biodiversity). It also presented that the social impact 

of the sector is undeniable as it has negative impacts on people, employment in rural areas and is 

also associated with poor labour conditions (FOE, 2008). Ho (2007) also questions the 

sustainability of the Brazilian ethanol industry and discussed the social and environmental impact 

of sugarcane cultivation. The author argues that social welfare, health impacts to workers and the 

general public need to be addressed in order to fully understand the sustainability of the sector. It 

also questions the impact of the industry on biodiversity (Ibid.). 

Many argue that the impact of biofuel production goes beyond national borders. According to 

a model by Elobeid & Hart (2007), the effect of the alarmingly expanding ethanol production 

from corn in the United States is observed in different parts of the world as it shows a huge 

increase on food basket prices. The authors argue that high price increases would be noticeable 

more in countries where corn is dominantly used for food consumptions; such countries include 

Sub-Saharan African and South American countries (Ibid.). A 20% corn price increase in the 

United States, for instance, would lead to food basket cost changes of more than 10% for many 

African nations showing 15.1% food price increase in Lesotho, 14.7% in Malawi and 12.3% in 

Ethiopia, among others (Ibid.). After an in-depth study on the short term and long term social, 

environmental and economic impacts of growing crops (such as corn and oil palm) for transport 

biofuels, Reijnders & Huijbregts (2009) concluded that even though these actions contribute to 

energy security and mitigate the price rise of fossil fuels, they may generate more GHGs than 

fossil transport fuels and may contribute to food price rise. In Brazil, for instance, sugar prices are 

linked with the price of ethanol (Ibid.). The authors also concluded that the impact of ethanol 

from European wheat is worse than that of fossil gasoline if indirect effects on land use are also 

factored in (Ibid.). 

When it comes to sustainability, Ortega et al. (nd) presented an emergy analysis for different 

biofuel crops and concluded that with today‟s technology, biofuels are not renewable sources of 

energy. The authors claim that only 9% of the resources used to produce ethanol from corn are 

renewable and if the ethanol is produced from sugarcane, 30% of the resources are renewable in 

conventional systems. Similarly, biofuel production from soybean is said to have only 25% of its 

resources as renewable (Ibid.). The findings of the paper shows that, small scale biofuel 

production using agroecological concepts give much more renewability (70%) (Ibid.). 
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In its briefing paper entitled “Another Inconvenient Truth,” Oxfam International presents that 

the current biofuel activity by developed nations is a solution neither to climate change nor to the 

oil crisis (Oxfam, 2008). It rather concludes that the biofuel industry is causing severe food crisis 

in developing nations (Ibid.). Discussing about the benefits and risks in developing countries, the 

paper concluded that “In poor countries, biofuels may offer some genuine development 

opportunities, but the potential economic, social, and environmental costs are severe, and 

decision makers should proceed with caution” (Ibid.). It is also reported that between 2005 and 

2008 the world food price (World Bank estimate) has increased by 83% and 30% of this price 

increase is due to the biofuel industry. The livelihoods of nearly 100 million people are 

endangered as a result and more than 30 million people are dragged into poverty (Ibid.). 

Consequently, the report asks rich countries to avoid the rising climate change and poverty by 

dismantling support and incentive for biofuel productions (Ibid.). 

Contrary to this, in a publication entitled “Biofuels & Developing Countries,” The European 

Association for Bioindustries, presented its strong stand on the advantages of biofuel for 

developing nations. The publication argues that “…the development of biofuels will bring direct 

opportunities to developing countries through the production of local jobs – from growing raw 

materials to their manufacture. Furthermore, the local production of biofuels in developing 

countries will help to decrease the dependency on costly fossil fuel imports” (EuropaBio, 2008). 

The report also pointed out that as a result of biofuel production increase, the number of available 

jobs in rural areas would increase and consequently, rural to urban migration would be limited. 

As can be seen above, the issue has been quite controversial. Some parties underline the 

importance of biofuel for developing countries while many underlined on the negative impact of 

the industry especially in connection with food security and poverty reduction. The findings and 

conclusions of these articles directly contradict with each other. Tollens (2009), for instance, 

argues that “for most poor net-food importing countries, biofuel development is negative for food 

security.” Similarly, Reijnders & Huijbregts (2009) argue that the increasing share of biofuel in 

the energy sector is linked to an increased inefficiency of food for developing countries that are 

not net food producers. Zeller & Grass (2007) also underlined the environmental pressure of large 

scale biofuel production on deforestation, soil mining water logging on agriculture and forestry. 

Among others, Jatropha, one of well known input plants for biodiesel production has also been a 
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center of controversy. Eijcka & Romijnb, (2007) for instance argues that Jatropha, a plant that is 

well known for growing even on hostile conditions, is competing with food crops in Tanzania 

when large scale farming is considered. Generally, the question of whether investing on biofuels 

or not is a far more complicated issue than one anticipates. Their sustainability is unclear as their 

intermediate and long term development as well as pros and cons are largely depend on many 

factors such as battery technologies, developments in the automobile industry, our transportation 

trend, global food production patterns, etc. As a result it is very difficult, if not impossible, to 

adopt one strategy that meets both the current and future interests of a nation, let alone having the 

same strategy for different nations as it is mostly the case today. 

2.1.3 Nuclear Energy 

Today, together with the world‟s renewable energy sources, nuclear energy plays a decisive 

role to meet our energy demands. The history of nuclear power as a source of energy for peaceful 

purposes dates back to the early 1950s when a small experimental breeder reactor (EBR-1) in 

Idaho, USA, generated the first electricity from nuclear energy on December 20, 1951 (US 

Department of Energy, nd). The reactor was able to light four 200-watt bulbs from the generated 

electricity by nuclear reaction (Ibid.).  About three years later, Russia managed to put the world‟s 

first nuclear powered electricity generator in operation in June 1954 at the Institute of Physics 

and Power Engineering (FEI) in Obninsk (WNA, online). Two years later, the first commercial 

nuclear power station, Calder Hall, started functioning in England in 1956 (Patterson, 2007). 

Even though the details of nuclear power plant and the risks associated with it are quite 

complicated, the working principle is rather straight forward; the nuclear reactor provides heat 

that boils the water to steam. The steam then turns the turbine that is connected to a generator 

where the generator is converts the mechanical energy into electricity. 

Following its start in the 1950s, there was a boost of nuclear power plant projects in the 

1970s and 1980s and it has played a decisive role as a source of electricity around the globe ever 

since. As of 2007 the global electricity production from nuclear has reached about 2,719 TWh, 

more than thirteen times the amount produced in 1971 which is only about 203 TWh (IEA, 

2009).
 
The United States produced about 30.8 % of the world share (837 TWh) in 2007 followed 

by France with 16.2% (440 TWh) and Japan with 9.7% (264 TWh) (Ibid.). However, France has 
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by far the largest share of nuclear in its domestic electricity generation (77.9%) followed by 

Ukraine (47.2%) and Sweden (45%) (Ibid.). As of 2008, there are some 441 nuclear power 

reactors operating in 31 countries around the world with a total installed capacity of 360GW 

(expected to increase to about 420GW by 2025), generating approximately 2,500 TWh of 

electricity (Vaillancourt et al., 2008). Considering all the global energy for the generation of 

electricity, nuclear energy contributes to about 16% of the worlds demand while hydro energy is 

about 17% and fossil fuels in the form of coal, oil and natural gas provide about 65% of the share 

(Stiebler, 2008). 

The use nuclear energy as a means of mitigating the problems of global warming and that of 

future energy security has raised a big controversy. While many claim that nuclear energy is one 

of the hopes to our energy future, others underline on its drawbacks. Girardet (2007) argues that, 

in the first place, the uranium reserves are limited by nature and are estimated to a maximum of 

60 years with the current available plants considered, and secondly nuclear energy is greatly 

dependent on huge financial support. The author also argues that, the nuclear waste is polluting 

the environment and threatening human life and in another aspect huge accidents have happened 

in the past and may continue in the future (Ibid.). Added to that, there is always a danger in the 

nuclear reactor and the nuclear byproducts. Nuclear energy has also created suspicion among 

different countries where it could be used for nuclear weapons and there is a high risk of the 

plants being targeted by terrorist attacks. On the other hand, Ngô & Natowitz (2009) argue that 

enough amount of uranium is available to meet anticipated nuclear energy needs for many 

decades to come. The authors also argue that millions of tons of uranium contained in phosphates 

and billions of tons contained in the sea are available for the future. However, developing fast 

neutron reactors which will allow much more efficient harnessing of the energy contained in 

natural uranium is suggested if we are to use the energy source for a much longer period (Ibid.). 

Sovacool (2008) assessed the total life cycle CO2 equivalent of a nuclear power plant after 

conducting an in depth calculation by reviewing 103 studies and estimated the GHG emissions 

for nuclear power plants. The author concluded that based on the life cycle analysis, a nuclear 

reactor produces a mean value of about 66g CO2e/kWh. While this emission level is way better 

than coal, oil, diesel and natural gas generators that emits between 443 and 1050g CO2e/kWh, it 

is worse than renewable and small scale distributed generators such as wind, hydro, biomass and 
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geothermal (Ibid.). It is noted that nuclear power is not directly emitting GHG emissions but the 

plant construction, operation, uranium mining and milling and plant decommissioning are the 

source of the GHG emission (Ibid.). It is important, however, to note that the results of the 

calculations and the life cycle analysis strongly depend on the assumptions one puts in. 

The main concern over nuclear energy is safety as this energy system is mainly criticized for, 

first and foremost, the fact that the uranium could be used for military purposes. In addition, even 

though accidents in nuclear power plants do not happen often, the consequences are grave as 

large areas can be contaminated by radioactivity with the effect continuing for hundred years 

(Vaillancourt et al., 2008). The Chernobyl accident in Ukraine in 1986, for example, is believed 

to have affected as large area as 1000km
2
 (Ibid.). Today, over two decades after the incident, for 

instance, there are reports of different health issues such as cancer across Europe. As of 2005 

about 4,000 cases of thyroid cancer occurred in Belarus, Ukraine and Russia in those who were 

under 18 years of age at the time of the accident (Fairlie & Sumner, 2006). Similarly, Almond et 

al. (2009) noted that prenatal exposure to the Chernobyl fallout causes variation in cognitive 

ability. Following the long lasting nature of the radioactive elements, restriction orders on the 

production, transportation and consumption of food remain in place in many countries (Fairlie & 

Sumner, 2006). For example, “in parts of Sweden and Finland, as regards stock animals, 

including reindeer, in natural and near-natural environments” (Ibid.). In many countries 

including Sweden, Germany and Austria „over wild mushrooms, berries and carnivore fish from 

lakes reach levels of several thousand Bq per kg of caesium-137’ (Ibid.). Finally, waste storage 

has also been another problem for nuclear energy systems. 

However, regardless of all the controversy, recently many countries are showing their interest 

in nuclear power or are taking steps towards the building of new nuclear plants including 

countries that have rejected nuclear power as their energy source before, such as Turkey; 

countries that have never seriously explored nuclear power in the past, such as Vietnam and 

countries that have official phase-out policies applicable to their operating reactors, such as 

Sweden (Marcus, 2008). 
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Chapter 3 

Ethiopian Energy Systems: Potentials 

and Current Status 

The birth of modern energy in Ethiopia dates back to the late 19
th
 century and the country is endowed with 

enormous water, solar, wind and geothermal energy potentials. However, today, more than a century 

later, only a tiny part of the potentials are utilized and only 32% of the population has access to 

electricity. The total hydropower potential of the country is over 45GW with the wind and geothermal 

potentials estimated to be 10GW and 5GW respectively and the solar energy being in the order of 10
6
GW. 

After briefly looking into the energy history and the current energy situation in Ethiopia, this chapter 

discusses about the potential, opportunities and risks of the ongoing and planned energy development 

projects in the country.  Their social, environmental and economic implications are also addressed. 

3.1 Ethiopian Energy: A Brief History and Current Status 

Ethiopia, a kingdom and an independent nation since ancient times and one of the oldest 

countries in the world, is a country of diversity in its climatic, biophysical as well as in its socio-

economic settings. The nation‟s climate ranges from equatorial rainforest with high rainfall and 

humidity in the South and Southwest to Afroalpine on the summits of both the Semien Mountain 

chains and the Bale mountain chains and desert like conditions of the Northeast, East and 

Southeastern lowlands. Similarly, the temperature varies from up to 60
0
c in  the Dallol 

Depression of Ethiopia (one of the hottest places on Earth) to freezing temperatures at Ras 

Dashen in the Semien Mountains; causing a rainfall variation of from about 3000 mm/year in the 

Baro-Akobo basin to as low as 200 mm/year in the Ogaden and Aysha basins (MoWR, online). 

Economic activities in the country range from fast growing industrialization and modern 

agriculture around urban areas to hunters, gatherers and pastoralists in remote areas. The nation‟s 

socio-economic infrastructure is also unevenly distributed with urban areas being well connected 

to each other while some rural areas are barely reachable (Ibid.). 
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In recent years, however, in its effort to boost the nation‟s socio-economic arena, the 

Ethiopian government has showed great interest and commitment towards the development and 

improvement of infrastructures in the energy, telecommunication and transportation sectors. For 

instance, as a means of reducing the energy dependency on imported petroleum, massive 

hydroelectric power projects have been built in the past few years and many more are underway. 

The development of wind farms has also emerged in the country very recently as another 

alternative in the effort of alleviating the energy crisis that the country is in. A successful 

completion of the undergoing challenging but yet promising projects would provide a huge 

percentage of the country‟s population with a cleaner, cheaper and a more environmental friendly 

energy. 

Ethiopia, in spite of having plenty of energy potentials, suffers a very low consumption of 

electricity. Until as recent as 2007, only 22% of Ethiopians had access to modern electricity. This 

figure was down to 16% at the end of 2005 (Besha, et al., 2009) and only 13% in 1999 (Teferra, 

2002). Hathaway (2008) via a cross reference noted that while 86% of urban residents in the 

country have access to electricity, the consumption is as low as 2% for rural residents. The author 

approximated the total electricity consumption of the country to only 12% (Ibid.). However, 

according to a report by the Ethiopian Electric Power Corporation (EEPCo), after a high increase 

in the implementation of strategic plans, the electric energy access of the country has increased to 

32% as of mid 2009 (EEPCo, online). 

The birth of modern electricity in Ethiopia dates back to the late 1890‟s when King Menelik 

II of Ethiopia acquired the first generator to light his palace (Ibid.) only two years after his 

victory over Italy. The diplomatic relations between Ethiopia and Germany developed very well 

during the era of Menelik and he received the generator as a gift from the German government in 

light of expressing their good relationship (HyPower, 2006). Nearly three decades later, in 

connection with the coronation ceremony of King Haileselassie in 1930, the supply of electricity 

was extended to light the streets of Addis Ababa (EEA, online). Since then, the Ethiopian electric 

energy sector has undergone through several development activities and restructuring. Today, the 

state-owned Ethiopian Electric Power Corporation controls the power industry and is solely 

engaged in the generation, transmission and distribution of electric power. 
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Ethiopia has enormous energy potentials of hydropower, wind, solar and geothermal 

energies. Its hydropower potential, for instance, is rated as the second largest potential in Africa 

next to Congo (Block, 2007). This energy potential is estimated to be between 30GW - 45GW 

(EEPCo, online; DFIP, 2009; Dalelo, nd). Kloos & Legesse (2010) via a cross reference 

approximated the gross hydropower potential of the country to be over 74GW and economically 

feasible potential to be from 16GW to 18.3GW; considering an average plant utilization factor of 

0.6. However, only about 2% of this huge potential is developed so far (DFIP, 2009; Dalelo, nd). 

Similarly, wind and solar energy potentials of the country have been researched and found to 

be considerable (Bekele & Palm, 2009; Bekele & Palm, 2010; Mulugetta & Drake, 1996; Wolde-

Ghiorgis, 1988). The total exploitable solar energy potential of the country is approximated to 

about 10
6
GW having an average insolation of 5kwh/m

2
/day (Dalelo, nd). The total exploitable 

reserve of wind energy is also approximated to be about 10GW (EEPCo, online; Wind Energy 

PPP, 2010; Dalelo, nd) and its geothermal potential is approximated to be 5GW (EEPCo, online). 

However, in spite of all its available potentials, the energy sector is still in its infancy stage 

and the majority of the country‟s population has no access to modern energy. One may wonder 

why the nation‟s electricity supply is not as developed as one anticipates. This issue may be 

linked with the country‟s political, economic and different social issues and needs a thorough 

investigation by itself and it is beyond the scope of this thesis work. The following sections 

discuss the different energy potentials of Ethiopia and try to propose different ways where these 

energy potentials could be used to bring substantial social, environmental and economic benefits 

to the country and the environment at large. 

3.1.1 Hydro 

In the previous section the Ethiopian energy potential and its current situation has been 

briefly discussed. It is presented that the country is endowed with a huge amount of water 

potential. This potential could be used in many different ways including electricity generation, 

irrigation, fishery and tourist attraction purposes. Generally, there are 12 major basins in the 

country with 8 of them being river basins, 3 dry basins while the remaining one being lakes basin 

(MoWR, online). Most of these water basins have very special nature due to the landscape of the 

country in that in many cases it is possible to use the water of those basins as a source of 
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hydropower and use the same water for irrigation in the downstream. Another special feature of 

the Ethiopian rivers is the fact that most of the major rivers are sourced in the central part of the 

country and stream to all directions with some of the river basins covering very large areas. 

Wabishebelle River, for instance, covers an approximated area of more than 202,000km
2
 (for 

comparison, this is a little less than half the size of Sweden) while the Blue Nile basin covers 

about 200,000km
2
 of land (Ibid.). Due to these facts and the fact that most of the inhabitants in 

those basins are rural and their lives are based on agricultural activities with an increasing 

population year after year (not to mention the energy demand of the country), it is quite critical to 

get the most out of the available water resources. While most of the river basins have the 

irrigation potential to change the rainfall dependent agriculture radically, there are also more than 

300 different spots in the different basins where hydroelectric power generating stations could be 

installed. The following figure shows the main water basins and their distribution across Ethiopia. 

 

Figure 2: Ethiopian water basins (Source: Awulachew et al., 2005) 
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3.1.1.1 The Blue Nile 

The Blue Nile, also called Abbai in Amharic, is one of the two main tributaries of the Nile, 

often considered to be the longest the longest river in the world. The Blue Nile is the source of 

most of the water of the Nile and the transported sediment. Combined with the Tekeze and Baro-

Akobo rivers, it contributes to about 90% of the water with the Blue Nile contributing about 60% 

of the total water and the later two contributing to a little less than 15% each (Beyene et al., 

2010). About 96% of transported sediment by the Nile River also comes from the Blue Nile. 

It is believed that the available minerals and deposits in the basin are over 265 of which 190 

are metallic including (gold, iron, copper, zinc, etc) and over 75 are non metallic including 

limestone, marble, lignite, silicas, etc (MoWR, online). Generally, the Abbai River basin is 

probably the most important river basin in the country as it covers 20% of Ethiopia‟s land area, 

about 50% of the nation‟s total average annual runoff which emanates from the Ethiopian 

highlands, 25% of its population and more than 40% of the agricultural production (Awulachew 

et al., 2005). The overall hydropower potential of the river is estimated to be up to 78,820GWh 

per year and the basin has a potential for over 200 irrigation projects, of which about 25% being 

large-scale potentials (Ibid.). The total population in the basin is about 14.23 million with a 

growth rate of 2.6% (MoWR, online). While the economy of the majority of the inhabitants of the 

basin is based on agriculture, the agricultural system is traditional and different infrastructures in 

the region are very poor. 

Despite the above facts, all the resources of the basin have been underutilized. The people 

need the water for agricultural purposes that could change their life for good but only a tiny 

portion of it has been used so far. A tremendous amount of minerals is also washed away every 

year while the economy of the country is diminishing. Last but not least, the water serves almost 

a minor purpose to the people who desperately need cheaper, cleaner and more efficient energy. 

Until recently, there were only two operational hydropower plants built on the Blue Nile River. 

Tis Abbai I HPP, commissioned in 1964, has a total installed capacity of only 11.4MW and Tis 

Abbai II HPP was commissioned in 2001 with a total installed capacity of 74MW (EEPCo, 

online). However, as one of the main huge developmental boosts of the country, different 

hydropower plants are underway in the country in recent years. Tekeze hydropower project, 

inaugurated in November 2009, for instance, is developed on Tekeze River, tributary of Blue Nile 
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River. This plant has an installed capacity of 300MW and is the third largest capacity in the 

country. Similarly, the recently inaugurated Tana Beles project with a capacity of 460MW is the 

largest hydropower plant in the country and it is built using the Tana River, a tributary of the Nile 

River. This project is said to be unique among other hydropower plants in the country as the 

discharged water will be used for downstream irrigation purposes. 

Generally, a proper utilization of the hydropower and irrigation potential of the Abbai basin 

could bring vast opportunities and offer a huge boost to the economy of the nation. However, 

despite its underutilization by Ethiopia, this basin has also been a center of controversy and has 

created some political suspicions and regional tension over a fair share of the resource among 

countries of the basin such as Egypt and Sudan. Nevertheless, the recent Blue Nile related 

projects by the Ethiopian government show how desperately the country needs the available 

potentials of the river and its determination to go forward. 

3.1.1.2 Omo-Gibe Basin 

Covering a total area of some 79,000km2, the Omo Gibe basin has a population of well over 

6.4 million as of 1994 and is home to millions of livestock resources, wild animals and different 

bird species. There are about 70 fish species in the basin and its tributaries of which about 20 

species are considered to have economic potential (MoWR, online). This basin covers a wide 

area of forest as well as agricultural land. In the early 1980s the Omo River (the lower reaches of 

the river) has been affirmed as UNESCO‟s World Heritage Site, following the discovery of the 

earliest known fossil fragments of Homo sapiens. This culturally and socially rich basin has 

immense potentials to offer, should appropriate irrigation, energy, tourism and fishery investment 

plans and executions are carried out. The Omo-Gibe Basin is estimated to have a small scale 

hydropower potential (5-30MW) of about 86MW and large- scale hydropower potential (above 

30MW) of well over 2,497MW (Ibid.). The approximated ground water potential of the basin that 

could be developed is also estimated to be about 1 billion m3/year; assuming that about 10% of 

the available recharge can be obstructed (Ibid.). To enlighten the reader, a brief discussion on 

small and large scale hydropower plants is presented here. Small scale hydropower plants are 

usually constructed in rural areas where supplying the villages from the main grid is 

uneconomical or to supply isolated industries. They have many advantages over large scale 

hydropower plants, having a lower social and environmental impacts compared to large 
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hydropower plants as they require smaller or no reservoirs and also do not create considerable 

water diversion. They can also be constructed in a shorter time than large scale hydropower 

plants. The construction cost of small scale plants is very low but, large hydropower plants are far 

more cost-effective than small scale plants on a cost/MW basis. 

In recent years, a huge investment has been spent on this river by the Ethiopian government. 

The Gilgel Gibe cascaded projects, Gibe I-V, once completed successfully are believed to 

increase the Ethiopian electricity supply drastically and export of energy to neighboring countries 

is also put in a short term plan. This unprecedented electric power development is very promising 

to the development of the nation and its economy. Located on the Gilgel Gibe River, the 

construction of Gilgel Gibe dam, the first of the five cascaded power plants, is started in the mid 

1980s but mainly built between 1997 and 2003 and became operational in 2004 generating 

183MW of power to the grid on its completion (HyPower, 2006). The completion of this power 

plant has increased the country‟s electricity supply significantly. The Gilgel Gibe dam is not used 

only for Gibe I power plant but also for Gilgel Gibe II which was inaugurated in January 2010. 

Gibe II, with an overall construction cost of about 373million euro, does not need a dam to be 

constructed. It rather uses the discharged water from Gibe I that is channeled through a 26km 

tunnel, the longest in Africa, to Omo River Valley. This planet generates 420MW of electric 

power. 

Gibe III, a very controversial project, is the third phase in the cascaded Gibe project that uses 

the same river to build a hydropower generating plant which is located at about 150km 

downstream of the Gibe II outlet. When completed in 2013, the planet is expected to generate 

1,870MW of electric energy which is the largest ever in Africa. While Gibe IV and V with a 

capacity of 1,472MW and 560MW of electric power respectively are planned to be built
3
, the 

currently underway Gibe III project has raised different controversy over its social and 

environmental impacts (CRBM & CEE, 2008; Hathaway, 2009; ARWG, 2009). However, a 

social and environmental impact assessment conducted by EEPCo concluded that the project is 

feasible and labeled the potential adverse environmental impacts of the project to be short term 

compared to the multidimensional benefits that the completion of the project could offer to the 

region, the society and the country at large (EEPCo & CESI SpA, 2009). Generally, while the 

                                                           
3
 Gibe 3 website, available at: http://www.gibe3.com.et/Environmental.htm 

http://www.gibe3.com.et/Environmental.htm
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controversy over the construction of dams on this basin is eye catching, the construction of well 

studied projects and a wise use of the resources could be a turning point to the country that faces 

multidimensional social and economic problems related to lack of adequate energy. 

3.1.1.3 Other Basins 

Other major basins with substantial hydropower and irrigation potentials include Baro-

Akobo, Genale Dawa, Wabishebelle and Awash basins. While Wabishebelle has a total 

hydropower potential of 7,457GWh per year and irrigation potential of over 209,300ha covering 

a total land area of over 202,000km
2
, Genale Dawa has 9,270GWh energy potential per year and 

1,070,000ha of irrigation potential, among others (MoWR, online). A combination of those 

basins is one of the biggest resources that the nation has to offer and a proper utilization of these 

resources is vitally important to the economy of the nation as well as for its environmental and 

social benefits. The hydropower and irrigation potentials of the main river basins of the country 

are summarized in table 1. 

Table 1: Ethiopian hydropower and Irrigation potential (Source: MoWR, online; Kloos & Legesse, 2010) 

No. River basin Hydropower 

potential (GWh) 

Irrigation potential 

(‘000ha) 

Potential 

hydropower sites 

1 Abbai (Blue) Nile 55000/78820* 1800 132 

2 Omo-Ghibe 26026/36560* 90.4 23 

3 Baro-Akobo 19826 631 39 

4 Genale Dawa 9270 1070 23 

5 Tekeze 8384 186.9 15 

6 Wabishebelle 7457 209.3 18 

7 Awash 5589 206 43 

8 Rift Valley Lakes 12240/800* 131 6 

9 Mereb    na** 5 na 

10 Aysha na 0 na 

11 Denakil na na na 

12 Ogaden na na na 

 Total 143,792/166,706* 4329.60 299 

* Different data from different references: both values are put whenever the difference is considerable 

** na: data not available 

In spite of all the resources that the country is endowed with, however, it currently uses only 

a tiny portion of these resources. While the Ethiopian electricity system has a total installed 

capacity of about 1,843MW from its hydropower plants as of 2010, generally there are two power 
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supply systems in the country, the ICS or the interconnected system and the SCS or self 

connected system. The earlier consists of major hydropower plants and the later consists of diesel 

generating units and small hydropower plants that operate in remote areas (Hailu, 2000). As of 

2009, there are some three hydropower plants in the SCS system with an installed capacity of 

6.15MW and isolated diesel power plants with an installed capacity of 30MW (EEPCo, 2008/09). 

Table 2 summarizes the total installed electricity capacities of the country. 

As can be seen from table 2, in addition to its main 11 hydropower plants and a single 

geothermal plant, Ethiopia uses some diesel power plants to supplement the supply. For the 

landlocked country the use of the diesel generators has two big disadvantages; one being the 

economic disadvantage of importing expensive fuel and the other being the environmental 

concerns of using fuel. As a result, it is very essential to avoid the use of these energy systems by 

moving towards better alternatives. 

Table 2: Total Installed Generating Capacity of Ethiopia (Source: EEPCo facts in Brief, 2008/09) 

No Plant Installed 

Capacity (MW) 

Year of 

Commissioning 

Remark 

 Hydropower    

1 Koka HPP 43.2 1960  

2 Tis Abbai I HPP 11.4 1964  

3 Awash II HPP 32 1966  

4 Finchaa HPP 134 1973  

5 Awash III HPP 32 1974  

6 MelkaWakena HPP 153 1988  

7 Tis Abbai II HPP 74 2001  

8 Gilgel Gibe I 184 2004  

9 Tekeze 300 2009  

10 Gilgel Gibe II 420 2010  

11 Tana Beles 460 2010  

 Diesel    

1 Kaliti 14 2004  

2 Dire Dawa 38 2004  

3 Awash 7 35 2004  

4 Nazreth Diesel 30  rented diesel power plants 

5 Debre Zeit Diesel 30  rented diesel power plants 

6 Standby (different sites) 25.3 1958  

 Geothermal    

 Aluttu Langano 7.30 1999  
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3.1.1.4 The Drawbacks of Hydropower 

Even though there is a huge hydropower potential in the country and the energy system is 

hydropower dominated, the amount of available water in reservoirs is greatly seasonal and 

sometimes heavily affected by shortage of rain which in turn affects the total energy generated 

from the available plants. This seasonal variation of rainfall and the consequent reservoir level 

variation, for instance, has been a challenge for the Ethiopian energy system over the years. 

According to Amenu & Killingtveit (2001), the Ethiopian electric power system has experienced 

several power shortages, and hence rationing, in the past few years during the dry season while 

considerable damage was resulted by floods passing reservoirs during wet seasons. The low 

reservoir level in the country during dry seasons is mainly the result of low water flow into the 

reservoirs as well as due to the high evaporation in the region. Added to that, a considerable 

available water variation is recorded in the country due to lack of enough rainfall. As can be seen 

in the figure 3, the annual stream flow of the country shows a significant variation showing an 

increase or decrease of up to more than 120% between consecutive years. Consequently, 

searching for other alternatives that could contentedly supplement the hydropower plants is an 

advantage to the energy security of the country. Wind, solar and geothermal energies are among 

the best alternative candidates in the case of Ethiopia. 

 

Figure 3: High Variability of Rainfall in Ethiopia (Source: Walelu, 2006) 

3.1.2 Wind 

In the previous section the hydropower potential of Ethiopia and the major water basins have 

been discussed. Hydropower plants are very reliable in their nature. However, depending fully on 

hydropower has associated risks as the output energy from the turbines is directly dependent on 
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the amount of water in reservoirs and speed of water flow which in turn might vary seasonally. 

Climate changes or the absence of rainfall could also have severe impact on these energy 

systems. Consequently, building other alternative renewable energy systems, such as wind and 

solar, could be of great importance to supplement hydropower plants. In the case of Ethiopian, 

the dry and long summer season is most favorable time to generate peak energy from wind and 

solar energies while dams and rivers are at their maximum potential during the rainy season, mid 

June through late September. As a result, integrating the different systems would highly benefit 

as when one is at its highest peak the other is at its lowest peak and vice versa and the net energy 

would always be at the possible high. 

However, despite a tremendous potential of this energy system, the development of wind 

farms is in its early stages in Ethiopia. In the nation‟s energy history, wind has so far been used 

only for water pumping purposes. In the 1960s more than 100 units of wind mills have been 

installed for water pumping applications and about 70 of them were still operational as of 2004 

(Jargstorf, 2004). Some of the wind potentials of the nation were spotted more than three decades 

ago as there was some awareness of the available wind potentials since 1974 at selected locations 

across the country. In the late 1970‟s the use of wind power for water pumping with locally made 

prototype windmills was researched in very small scale level (Wolde-Ghiorgis, 1988). The 

potential was assessed in depth based on monthly and annual wind speed data of two five year 

span observations one from 1936 -1940 and the other from 1968 – 1973 (Ibid.). The author 

concluded that the two observations showed a similar wind patterns. The research also pointed 

out that there is appreciable amount of wind potential in most parts of the country and small scale 

wind plants with installed capacity of between 1kW and 10kW could be developed for water 

pumping and electricity generation at cheaper costs than other renewable sources (Ibid.). Prior to 

this study, another wind potential assessment was conducted by the Ethiopian National Energy 

Commission in 1986 using data from 39 different stations for the period of 1971-1978 with three 

wind measurements per day taken at the hours of 06:00, 12:00, 18:00. Even though the report was 

criticized for lacking details in the form of spatial wind analysis and also for not attempting to 

examine seasonal or monthly wind speed and energy patterns in terms of their spatial 

representation, appreciable wind potentials were identified (Mulugetta & Drake, 1996).  

Consequently, after an in depth analysis of the potential the availability of a substantial wind 

power potential in the country is estimated (Ibid.). The authors concluded that the energy 
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potential is highly variable, both spatially and temporally, and the potential increases as one goes 

from west to east and from south to north. The seasonality of the wind flow is also underlined and 

this was taken as an advantage for the energy sector (Ibid.). Other studies conducted assessing the 

wind potential of the country include, GTZ (2006a), GTZ (2006b), AWF (2008), Bekele & Palm 

(2009), Bekele (2009), Bekele & Palm (2010). Figure 4 presents the main wind potential spots in 

the country. 

 

Figure 4: Main wind potential spots in the Ethiopia 

Harena sight could be one of the good examples where the seasonal fluctuating of 

hydropower potential could be successfully supplemented by wind energy in Ethiopia. Figure 5 

shows how wind energy increases the security of the system during the dry, low water season. As 

can be seen in the figure, while the hydropower potential significantly drops in the period 

December through June, the wind energy potential peaks and during the rainy season and the 

following few months, July through November, the water levels are higher and the wind potential 

drops. As a result, well studied projects that could combine these energy systems can deliver a 

regulated and constant output power to the grid throughout the year. 
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Figure 5: Seasonal wind and water distribution (Source: GTZ, 2006b) 

Generally, the overall wind potential of the country is approximated to be about 10GW (EEPCo, 

online; Wind Energy PPP, 2010; Dalelo, nd). However, even though the available potentials were 

spotted decades ago, it is not until very recently that its practical development caught the 

attention of the concerned body. In the past few years, different feasibility studies of wind 

potential were conducted. For instance, two separate studies conducted by GTZ at Ashegoda 

(2006a) and Mesobo-Harena (2006b) Wind Park sites came up with promising wind potentials at 

both sites. When the final reports for both of the feasibility studies were published in 2006, it was 

concluded that as there is a promising wind potential and available open areas, a realization of 

both projects is feasible. Comparing the two energy systems, wind and diesel, that EEPCo has 

taken as main alternatives for the fast-track implementation, the studies suggest that wind is 

found to be the most recommendable alternative energy system (GTZ, 2006a; GTZ, 2006b). 

Consequently, the Ethiopian government awarded a turnkey project to build a 120MW wind farm 

at Ashegoda site to a French wind turbine manufacturing company (Vergnet, 2009; the Ethiopian 

Reporter, 2010). Vergnet SA has begun working on the project in 2009 where the overall 

installation of the 120 1MW turbines is expected to be completed by 2012. 

Generally, EEPCo in its recent nationwide effort to enhance its energy production has so far 

spotted 7 promising wind farm sites with an approximated potential of over 760 MW power to be 

installed by 2013 (WindFair, 2010; EPA, 2010). While the Ashegoda project is the first wind 

farm in the country and believed to be the largest wind farm in Africa, EEPCo has signed another 
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agreement with a German company to install a wind farm that is expected to generate some 

60MW of electric power when completed by 2013 (Wind Energy PPP, 2010). The project 

execution is set to start by the end of 2010. Two projects at Adama and Mesobo Harena sites with 

a capacity of 51MW each have also been signed between EEPCo and HydroChina International 

in mid 2009 (Ibid.). Table 3 summarizes the different wind power projects that EEPCo has 

planned to install before 2013. Some of the projects are already underway. 

Table 3: Ethiopian wind power projects scheduled to be executed before 2013 (Source: EPA, 2010) 

No. Project Generating Capacity (MW) Year of commissioning  

1 Adama WPP 51 2011 

2 Ashengoda WPP 120 2012 

3 Ayisha WPP 300* 2012 

4 Messobo WPP 42 2012 

5 Adama II WPP 51 2013 

6 Assela WPP 100 2013 

7 Debre Birhan WPP 100 2013 

 Total  764  

     * The Wind Energy PPP report put this figure to only 60MW 

A successful completion of the 7 wind farm projects tabulated above alone would increase 

the nation‟s current installed capacity of about 1,843MW (approximated from the available 11 

hydropower plants, excluding diesel and geothermal) by more than 40%. However, the 

installation activity of the wind farms is feared to be jeopardized by poor transportation 

infrastructure. For instance, the feasibility study of the Ashegoda and Mesobo-Harena projects 

found out that transportation of the turbines is a major obstacle in both projects (GTZ, 2006a; 

GTZ, 2006b). Consequently, both studies have underlined the fact that it would take several 

months to transport the turbines from the port of Djibouti to the final sites due to lack of adequate 

transport infrastructure and a detailed transportation concept is recommended to be dealt with 

prior to the actual execution of both projects (GTZ, 2006a; GTZ, 2006b). In fact, the extent of 

this problem could be minimized by using many small sized turbines with a capacity of less than 

1MW. Wiese et al. (2009), for instance, gave the ongoing Ethiopian Ashegoda wind farm project, 

where 120 units of 1MW turbines are being used, as a prime example of the implementation of 
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larger wind parks with smaller-capacity turbines in areas where there is poor infrastructure. 

However, the problem with these types of turbines is that they need more space for the wind 

farm. But some potential areas, for instance Mesobo-Harena, have site limit restrictions on the 

space available. It is not possible to install as many wind turbines as one wants as it causes high 

wind park array losses resulting in a considerable energy yield reduction (GTZ, 2006b). As a 

result, the use of many small sized turbines as a solution to the transportation problems is not 

always an option. 

3.1.3 Solar 

“13 Months of Sunshine” is the slogan of the Ethiopian Tourist Commission to imply the 

country‟s yearlong sunny weather and the 13 months that the Ethiopian calendar has. As much 

solar energy the country is endowed with, only 450 kW of photovoltaic panels are installed as of 

2004 with half of it being for telecommunication purposes (Jargstorf, 2004). Drake & Mulugetta 

(1996) approximated that most parts of Ethiopia have over 3000 hours of sunshine annually 

receiving solar energy of some 5.0 kWh/m2 with the northern part of the country having an 

estimated annual solar energy of over 6.0 kWh/m2 per day. Jargstorf (2004) also estimated the 

annual solar irradiation of Ethiopia to be between 5.0 and 7.5 kWh/m2 depending on the region 

(for comparison Germany‟s case was presented to be only 1.7 kWh/m2). Similarly, Dalelo (nd) 

approximated the total exploitable solar energy potential of the country to be about 10
6
GW 

having an average insolation of 5kwh/m
2
/day. Ample energy could be extracted from this huge 

potential to integrate with the wind energy and supplement hydropower plants which usually 

suffers a seasonal water potential fluctuation. 

The Ethiopian government has recently developed some programs that aim on the potential 

use of solar cells for different purposes. As part of its plan for the generation of electricity from 

renewable energy systems for off-grid use and direct use of renewable, the government aims at 

different solar energy development projects to be executed before 2015. The following list of 

solar related projects is extracted from the government‟s official document submitted for 

UNFCCC as the country‟s nationally appropriate mitigation actions. These projects include the 

installation of some 150,000 solar home systems, 300 solar pumps, 3000 institutional PVs, 3 

million solar lanterns, 3500 solar water heaters and distribution of some 10000 solar cookers all 

to be completed between 2010 and 2015 (EPA, 2010). 
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3.1.4 Geothermal 

Ethiopia, one of the few countries with geothermal potential in Africa, is endowed with a 

substantial amount of this energy system which is found scattered along the Ethiopian Rift Valley 

and the Danakil Depression. This potential is approximated by Teklemariam and Beyene (2005) 

to be well over 1.0 GW while EEPCo put the figure to be up to about 5.0 GW of electric power 

(EEPCo, online). 

 

Figure 6: Location of the geothermal prospect areas within the Ethiopian Rift Valley 

(Teklemariam & Beyene, 2005) 

The exploration of geothermal potential in Ethiopia dates back to the late 1960s when the 

government of Ethiopia launched a long-term geothermal exploration undertaking in 1969 

(Teklemariam & Beyene, 2005). The Aluto-Langano, one of the 16 spotted geothermal 

potentials, is located in the Ethiopian Rift Valley where a power generating plant was installed in 

1999 and it currently has an installed capacity of 7.3MW. The potential of the Aluto-Langano 

field is believed to have a potential of up to 30MW of energy that could be exploited for over 30 

years (Bertani, 2005) and at present it is the only geothermal power plant in the country. 

However, recently the government of Ethiopia has announced the developmental plan of 6 

projects to be completed by 2018 with an installed capacity of 450MW. 
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Table 4: Ethiopian geothermal projects scheduled to be executed before 2018 (Source: EPA, 2010) 

No. Geothermal Project Generating Capacity (MW) Planned year of Commissioning 

1 Aluto Langano 75 2012 

2 Tendaho 100 2018 

3 Corbeti 75 2018 

4 Abaya 100 2018 

5 Tulu Moye 40 2018 

6 Dofan Project 60 2018 

 Total 450  

3.2 Biofuel Developments in Ethiopia: Policy and Strategies 

The Ethiopian Ministry of Mines and Energy, MME, published its draft document entitled 

“The Biofuel Development and Utilization Strategy of Ethiopia,” in 2007 containing the policy 

and strategies for the biofuel industry. The report describes the main goal of the strategy as “to 

produce adequate bio-fuel energy from domestic resource for substituting imported petroleum 

products and to export excess products” and it has four main objectives (MME, 2007). These 

objectives are: 

- Substituting mineral fuels by locally produced bio-fuels, in order to save and earn 

foreign exchange; 

- Contributing to rural development through agricultural based growth by creating job 

in feedstock production, bio-fuel manufacturing, and in transporting and distribution 

of feed-stocks and products; 

- Reduction of environmental pollution by harmful pollutants from vehicles exhausts 

(GHG emissions). 

According to MME, the medium and long term developments of ethanol can grow to upto 

one billion liters per year in Ethiopia indicating that there is over 700,000ha of land suitable for 

the plantation of sugarcane. This figure is nearly 7 fold of the nation‟s current gasoline 

consumption. Added to that, Ethiopia is endowed with natural resources suitable for biodiesel 

development with an estimated area of 23.3 million ha suitable land is available for development 

of biodiesel (MME, 2007). 

While the production of biodiesel is yet to start as of 2007, Ethiopia had three sugar real 

estate industries, namely Fincha, Metehara and Wonji Shoa, whereas a fourth factory called 

Tendaho is under construction. While Fincha currently produces 8 million liters of ethanol per 
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year with the other two factories being in preparation for ethanol production aiming to a total of 

35.1 million liters of ethanol per year as of 2010 (Ibid.). The 10 years energy plan of Ethiopia 

includes the development of biofuel for road transportation and household use that includes 

projects to produce 63.36 million liters of ethanol and 621.6 million liters of biodiesel between 

2010 and 2015. Added to that, projects to install 25000 household biogas digesters and 1000 

institutional biogas plant are set to be completed for the same period (Ibid.). 

3.3 Ethiopian Energy Development Plans and Sustainability Concerns 

3.3.1 Sustainable Development and Poverty Reduction Program 

In 2002 the Ethiopian government launched an ambitious 15 years plan entitled Sustainable 

Development and Poverty Reduction Program (SDPRP) for the period of 2002 to 2016 where the 

government planned to carry out different development programs to achieve its goals. In view of 

the planned poverty reduction program, the ministry has put resource development priorities to 

the different available resources. Consequently, the priorities that the Water Resources 

Management Policy has put include (MOFED, 2002): 

- Making clean drinking water available to the larger segments of the society, including 

water for sanitation purposes; 

- Making water available for livestock in critical areas such as the nomadic areas; 

- Expanding irrigated agriculture to the maximum possible extent; 

- Meeting hydropower generation capacity needs arising from electricity demand in the 

economic and social sectors; 

- Providing water for the industrial development; 

- Utilization of the resource for fishery, tourism and transportation purposes; 

As presented above generation of electricity from hydropower has been set as one of the 

priorities. The recent boost in the energy sector is following this ambitious plan set at the 

beginning of the century. Discussing the energy sector, the plan allows private sector operators to 

be involved in (MOFED, 2002): 

- generation, transmission and distribution of off-grid rural electricity and generation of 

power to supply to the grid, 

- supply of energy from mini-hydro and other renewable sources such as solar, wind, 

etc. 
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Since then, a number of projects have been carried out and about eight years later, in a recent 

message to the UNFCCC, the Ethiopian Environmental Protection Authority handed the 

mitigation actions and development plans of the Ethiopian government in line with the COP15 

accord, presenting brief developmental action plans of different infrastructures including energy 

and transportation for the next 10 years. Accordingly, the energy plans together with the 

countries energy potential and existing capacity are analyzed here based on four guiding 

concepts: their societal implications, environmental and economic implications and overall 

sustainability. Added to that, this work tries to link the energy development plans with that of the 

transportation and make a critical analysis of the gains of combining the two. 

3.3.2 Energy Boost and Environmental Concerns  

Despite a continuous opposition and pressure from different groups around the world on its 

dam constructions for hydropower projects, the recent documented energy plan of Ethiopia 

focuses highly on boosting the energy supply from its water resources. The plan includes the 

installation of some 8 hydropower plants with an installed capacity of 5632MW having their 

completion date set to be on or before 2015 and another 8915MW hydropower study projects 

with their study plans to be completed by 2012. Extracted from the energy plan, these projects are 

tabulated below. 

Table 5: Hydropower projects that are expected to be operational by 2015 (Source: EPA, 2010) 

No. Project Installed Capacity (MW) Year of Commissioning Remark 

1 Beles 460 2010 Completed 

2 Gibe III 1870 2013  

3 Fan Project 100 2013  

4 Genale III 258 2014  

5 Halele Werabesa 422 2015  

6 Chemoga-Yeda 278 2015  

7 Gibe IV Project 1472 2015  

8 Genale IV 256 2015  

9 Geba I and II 366 2015  

10 Gojeb Project 150 2015  

 Total 5632   
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Table 6: Hydropower projects that are under study (Source: EPA, 2010) 

No. Project Capacity (MW) Study completion year  

1 Beko Abo Project 1600 2010 

2 Dabus Project 425 2010 

3 Tams Project 1000 2010 

4 Tekeze Project 450 2012 

5 Boarder 1200 2012 

6 Mendeya 2000 2012 

7 Gibe V 600 2012 

8 Wabi Shebele 460 2012 

9 Birbir Project 467 2012 

10 Lower Dedessa 613 2012 

11 Genale Dawa V 100 2012 

 Total 8915  

In addition to the above presented ambitious hydropower project plans, table 3 and 4 

presented the different wind and geothermal projects that are expected to be completed before 

2020. Similarly, the transportation infrastructure development goals include 9 different railway 

projects with the trains set to run with electricity generated from renewable energy but with only 

one of the routes expected to be operational by 2015 and another one by 2020 while the rest 

having no defined date of completion. 

This huge energy development and the constructions of dams and reservoirs together with the 

construction of substations and installation of transmission lines, however, have been criticized 

by different bodies and NGO‟s including International Rivers, Survival International, Friends of 

the Earth, etc. The Gibe III project is on the top of the list. The different bodies condemn the 

construction of the highest dam in African, Gibe III, for being socially and environmentally 

destructive. Survival International, for instance, argues that the construction of the dam will 

impose enormous negative impacts on the ecosystem due to seasonal flooding of the Omo River 

and it will also decrease its downstream volume considerably (Survival International, online). It 

is also underlined that at least 100,000 people will be facing food shortages (Ibid.). Similarly, a 

2008 report published by CRBM & CEE entitled “The Gilgel Gibe Affair” argues that the 

construction of the dam together with the other Gibe projects, will probably have a significant 

negative impact on the whole ecosystem surrounding the area including the tribal based local 

population that depend on the traditional use of natural resources (CRBM & CEE, 2008). The 

report also argues that lack of resources that might result from environmental degradation could 



 Ethiopian Energy Systems: Potentials, Opportunities and Sustainable Utilization 

 

38 | P a g e  

 

possibly lead to local and transboundary conflicts and consequently asked the European 

Investment Bank (EIB) not to fund this project (Ibid.). In a recent press release, the EIB 

announced that it is no longer funding the Gibe III project stating that the Ethiopian government 

has found alternative sources of finance (EIB, 2010). However, in it‟s in depth social and 

environmental impact assessment report, EEPCo has presented that while the benefits of the dam 

and that of the hydropower plant is a great asset to the nation‟s economy, the environment and 

the society, the impact of the project in terms of population displacement and that of the 

ecosystem are minimal and proposed that possible measures should be taken to avert the effects 

of the negative impacts (EEPCo & CESI SpA, 2009). 

Generally, while the social and environmental concerns of some of the projects are under 

question, the Ethiopian government has given a green light to the projects stating the accusations 

are baseless and without a thorough research. The next section of this thesis work critically 

analyses available potentials of the country, the recent and unprecedented move towards the 

development of the sector, future energy development plans and assess the sustainability of the 

projects. 
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Chapter 4 

Survey Results 

This chapter presents the conducted survey and its results researching people’s opinion about the use of 

the Gibe River. The gathered data through a questionnaire is analyzed using Web HIPRE, a software used 

for decision making analysis. The developed model, the analysis results and graphs from the Web HIPRE 

model are presented and discussed. Conclusions are drawn based on the results found from the 

simulation. 

4.1 Survey Results 

As discussed in previous sections, the construction of the Gilgel Gibe Dam has raised 

controversy over its social and environmental impacts. A survey was conducted to research 

people‟s opinion to the ongoing Gibe project and to find out whether they are for or against it. 

For the survey, a questionnaire was sent by email to about 50 individuals of which 28 responded. 

The questionnaire, presented in Appendix 1, has 7 questions with 4 of them asking direct 

questions about people‟s preferences to different aspects. For the purpose of this study, four 

action alternatives that could be implemented on the Gibe River are given to respondents; 

hydropower (current policy), agriculture, tourism and no action. While all the respondents are 

professionals (ranging from engineering, social sciences, natural science, etc) having a minimum 

of first degree, over 78% of the respondents say their awareness level on the ongoing energy 

projects in Ethiopia and on global environmental issues is at least „enough.‟ 28.6% of the 

respondents say they always think about the effective usage of Ethiopian water potentials while 

the remaining 71.4% say they sometimes think about it. 

Different stakeholder such as farmers, fishermen and other inhabitants of the area who are 

directly affected by the projects and also people from EEPCo and other concerned bodies such as 

policy makers are not included in this survey due to communication problems to gather data. The 

availability of data from such key stakeholder could potentially change the outcome of the survey 

and would have made the research a more in depth and more accurate. 
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Respondents were given three alternatives to evaluate their preference on, social, 

environmental and economic each alternative having their own attributes. Once the questionnaire 

responses are gathered together, the mathematical mean, standard deviation (SD) and the 95% 

confidence interval (CI) are calculated. The different weights for the sub-objectives and attributes 

from the results of the conducted survey are shown in Table 7. 

Table 7: Survey Results with weights presented in percentages (%), n=28 

 Mean SD CI (95%) 

Sub objectives     

1. Environmental perspective 28.21 8.74 24.98 31.45 

2. Economic perspective 42.86 13.15 37.99 47.73 

3. Social perspective 28.93 9.66 25.35 32.51 

Environmental attributes     

1. Renewable energy sources 39.29 19.23 32.16 46.41 

2. Emission reduction 22.14 13.84 17.02 27.27 

3. Balanced ecosystem 38.57 16.49 32.46 44.68 

Economic Attributes     

1. Modern industry 21.21 7.93 18.28 24.15 

2. Better and sustainable agriculture 28.21 13.28 23.30 33.13 

3. Better infrastructure (such as energy, transportation, etc) 25.93 9.53 22.40 29.46 

4. Reduction of petroleum import 10.54 6.91 7.98 13.10 

5. Tourism income 14.11 7.18 11.45 16.76 

Social Attributes     

1. Local community (displacement, food insecurity, etc) 51.07 12.35 46.50 55.65 

2. Region instability (conflict due lack of enough water, land, etc) 48.93 12.35 44.35 53.50 

As can be seen from table 7 above and also from Fig 7, respondents believe that economy is 

the most important aspect that the country has to consider giving it a 43% weight while the social 

and environmental aspects are given about 29% and 28% weights respectively. 
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Figure 7: Average Weights for the Sub Objectives 

Once appropriate data was gathered, Web HIPRE, a software that facilitates a decision 

making analysis, was used to analyze the survey results. The developed Web HIPRE model for 

the Gibe project is presented in table 8. As can be seen in the figure, while the overall goal of the 

survey is to investigate the most beneficial use of the Gibe river, the analysis is seen from three 

different perspectives (criteria 1), environmental, social and economic and the final goal is to 

decide whether the river is better off if it is used for any of the 4 giver action alternatives. 

 

Figure 8: Web HIPRE Model for the Gibe Project  
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Once the model is completed and all the input data inserted, different analyses have been 

carried out. Figure 9 shows the overall composite priorities. 

 

Figure 9: Analysis Results for Component Priorities from the Web-HIPRE Model 

The above results are also tabulated below for an easy comparison. As can be seen both from 

Figure 8 and from Table 8, Hydropower is found to be the optimal action alternative. From the 

table one can easily notice the best alternative in all the different perspectives. Whereas, Current 

Policy is found to be the optimal action alternative from ‘Social Perspective’ point of view, 

Hydropower is the optimal in all the other cases and in overall as well. However, if an in depth 

research that considers different factors such as food price, type of crop produced (import-

export), the type of agriculture and fertilizers used, price of electricity, etc, the results of this 

survey might yield a different conclusion. 

Table 8: Analysis Results from the Web-HIPRE Model for the Different Action Alternatives 

Aspects Action Alternatives 

    
 Agriculture Hydropower Tourism No Action 

Environment  0.117 0.249 0.115 0.115 

Economic  0.265 0.297 0.154 0.161 

Social  0.162 0.115 0.184 0.213 

Overall  0.544 0.661 0.454 0.490 
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Chapter 5 

Discussion, Summary and Conclusions 

Despite the fact that Ethiopia has the potential to boost its economy through improving the infrastructure 

of the energy sector and building different power plants, the level of modern energy consumption in the 

country remain low. However, the recent promising underway projects are on the verge of rescuing its 

poor economy. The different implications of these projects are analyzed in this chapter based on four 

guiding concepts; social, environmental and economic implications as well as overall sustainability of the 

projects and future opportunities. Finally, the chapter also summarizes the thesis and draws some 

conclusions based on the findings of the work. 

5.1 Discussions 

The previous chapters have presented an in depth literature review of the different Ethiopian 

energy potentials. These potentials include up to 45GW of hydropower, up to 10GW of wind 

energy, up to 5GW of geothermal energy and solar energy of the order 10
6
GW. It has also been 

revealed that while the country is endowed with these enormous energy potentials, the level of 

modern electricity consumption is still very low, put at about 32% as of 2009; this figure was 

down to about 16% in 2005. In the core of it, the unprecedented nationwide energy projects in the 

sector are presented together with the different environmental concerns raised by different bodies. 

This section critically discusses and analyses the projects and the future possibilities of the 

enormous available potentials. 

5.1.1 The Ethiopian Energy Plan and its Implications 

5.1.1.1 Societal Implications 

The social benefits of modern energy systems extend from health condition improvements to 

family safety and from economy improvements to better quality of life. While the majority of the 

socially diverse but economically poor East African nation‟s population has no access to modern 

energy, many experience the negative consequences of using firewood and different fossil fuels. 

One of the main socially devastating impact of using wood as a source of energy in rural 

households is in connection with the burning of children, housewives and properties in many 
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cases the house itself. Whereas the frequency may vary from region to region depending on the 

type of wood consumed, the type of stoves used, etc, the incident is rather common in many parts 

of the planet. For instance, according to a study conducted by Courtright et al. (1993) based on  

samples from 16 different communities with a total population of about 10,180 in Gurage-Chaha 

region rural Ethiopia, some 271 burn inpatients were recorded for the 7 year period the research 

considered. The article pointed out that most burns are in the domains of women. Another study 

in Mekelle town in northern Ethiopia showed that the annual incident in burns is 1.2% in the 

town with children of less than 5 years old being the highest victims of the incident (4.8%) (Nega 

& Lindtjorn 2002). 

Smoke is also another problem that might cause pneumonia, eye infections and low birth 

weight (Bruce, 2007). The levels of smoke pollution in households that use wood, dung, etc. are 

sometimes up to 100 or more times higher than using 'clean' energy systems (Ibid.). The 

problems related to this energy source are worse in households that have no or poor ventilations 

located in areas where there is no substantial healthcare facility, which is the case in many 

Ethiopian rural areas. Finally, children and housewives usually travel long distances to gather 

firewood and the time they spend to accomplish a specific task using this traditional energy 

system is also a burden to many countryside villagers. Similarly, while the use of fossil fuel for 

cooking is relatively cleaner and faster means of energy with less risk of fire, it is usually 

unaffordable to many households. 

Generally, even though it is difficult to quantify it within the scope of this work, the majority 

of the population in the country desperately needs a safer, cleaner and cheaper energy. As a 

result, the recent rapid energy development in the country could play a decisive role in unloading 

the burdens that millions carry at all corners of the country. However, in spite of its many social 

benefits that the development of the sector offers, the associated negative social impacts of 

different projects are also substantial and often controversial. In one hand, the construction of 

dams and power plants and transmission lines cause the relocation of thousands of people and 

costs them their land and social tie. For instance, the Social and Environmental Impact 

Assessment report by EEPCo & CESI SpA (2009) concluded that Gibe III project affects some 

355 households. On the other hand, the construction of dams together with water diversion 

usually leads to food security and clean water scarcity issues, among others. 
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5.1.1.2 Economic Implications 

Probably economic advantage is the most important benefit that the country gets from the 

ongoing power projects. For one, the nation will be relieved from the huge petroleum import 

burden that it is in and secondly, the export of electricity to neighboring countries will also play a 

significant factor. At present over 50 % of Ethiopia‟s total export earnings directly goes to meet 

nation‟s fuel demand. The Ethiopian Petroleum Enterprise has imported about 1.8 million MT of 

oil from Sudan and via Djibouti at a cost of about 1.22 billion USD over a period of 11 months 

(Sudan Tribune, 2010). With 80% of the Ethiopian oil demand coming from Sudan at present, 

some 195 fuel tanker trucks enter the country daily carrying 45,000 liters of oil each. While the 

fuel import for the current Ethiopian fiscal year, 2010/11, is projected to increase by more than 

half a million tonne, the cost of the import is expected to increase by 53% compared to the 

previous year. Sudan, currently the supplier for some 80% of the Ethiopian benzene 

consumption, is set to become Ethiopia‟s sole supplier of benzene, taking over the remaining 

20% share of the commodity from former Middle East suppliers to Ethiopia such as Saudi Arabia 

(Ethiopian News, 2010). Consequently, the development of the energy sector is of vital 

importance to the nation‟s poor economy as it will liberate the country from the oil import burden 

that it is in. 

In addition to the direct fuel consumption reduction from the use of electricity in households, 

industries and other sectors, it will also play a decisive role when the planed railways projects 

start functioning as it changes the dynamics of the transportation industry. Finally, the export of 

electricity to neighboring countries is another boost to the economy. Ethiopia has already planned 

to start the export of energy in September 2010. 

5.1.1.3 Environmental Implications 

The environmental implications of the ongoing projects can be seen from different resources 

and time perspectives. The long term implications might be of great importance to the 

environment than the short term ones. Ethiopia is a developing country with high population and 

the nation will engage itself in different industrial, agricultural and other resource demanding 

sectors in the decades to come. As a result promoting clean energy supply is of vital importance 

for CO2 reduction and other fossil fuel related emissions that have a global impact. The Gibe III 

project, for instance, is said to produce only about 90,000t of CO2/year compared to 4,500,000t of 
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CO2/year which an equivalent thermo power plant would produce (EEPCo & CESI SpA, 2009). 

Similarly, a feasibility study of wind farms at Ashegoda and Mesobo - Harena sites conducted by 

GTZ (2006a; 2006a) concluded that installing wind turbines in the proposed sites could help the 

country avoid some 1,359,387 tones of CO2 that could be generated from alternatively considered 

diesel power plants. Nation wise, it will relieve the burden to the ecosystem and also helps to 

reduce biodiversity loss, soil erosion, avoid deforestation, etc which benefits the region and the 

nation at large.  

In the short run, however, there are many controversies that circle the different projects 

specially that of the Gibe III project. Its impact on the entire Omo-Turkana ecosystem has been 

criticized by many (International Rivers, 2009; CRBM & CEE, 2008; ARWG, 2009; Survival 

International, online). However, the EEPCo social and environmental impact assessment report 

presents that while many of the potential adverse environmental impacts are short term impacts, 

they could be controlled within acceptable limits for as long as appropriate mitigation and 

compensation measures are adopted. Generally, even though it is difficult to quantify some of the 

environmental impacts that the ongoing projects cause (both negative and positive), such as soil 

erosion, ecosystem imbalance, CO2 reduction, etc, the negative impacts seem short term while the 

major environmental benefits are in the long run. 

5.1.1.4 Overall Sustainability 

Generally, the ongoing and planned energy development projects have different social, 

economic and environmental implications. As presented above, the current fossil fuel and 

biomass based energy system has sustainability related issues from social perspective. In one 

hand it has many health and other social problems and on the other hand, there is a big gender 

inequality as well as child labor as a result of the poor energy system. From the environmental 

and economic context, it again has both negative and positive impacts. Needless to say, however, 

the positive and negative impacts are hard to quantify and always cause controversy. 

While the concept of environmental sustainability is very vast and multidimensional in its 

nature, development related emissions, over exploitation of resources and unbalanced 

developmental activities are some of the many ways where we create environmental 

unsustainability; some global and some local. However, many try to address the issue from single 
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angle such as biodiversity or global warming etc. and the same is true for economic and social 

sustainabilities. However, the issue should rather be addressed from all possible angels and an 

optimum point should be reached where we can develop some important sectors, improve the 

social welfare and improve the economy while keeping the balance of the ecosystem. In the 

Ethiopian context, for instance, the ongoing large and costly hydropower projects create 

undeniable damages to the environment and the people who live both upstream and downstream 

of the different dams. However, many fail to assess the pros and cons of the projects considering 

both in the long run and short run and from different angles. For instance, Survival International, 

an organization that works for tribal peoples‟ rights in education, advocacy and campaigns, has 

for many years opposed the construction of the Gibe III dam and called for different protests 

opposing the project (Survival International, online). However, while their main cause of 

opposition is the impact of the dam construction on the indigenous tribal people, no long run 

analysis on the benefit of the project has been done as far as the author‟s understanding is 

concerned. Many, if not most, people in the area do not have access to clean water, health 

facility, schools and other important facilities to a better life including modern energy. On the 

other hand, millions of people in the country experience poverty every year. According to Rural 

Poverty Portal (online), for instance, more than 12 million people are food insecure, some 

periodically and some chronically and most of the poor are rural residents with the largest group 

of poor people being small-scale farmers and also women and men whose life depends on 

herding for a livelihood. 

However, even though there are different severe impacts on the society, the environment and 

the ecosystem in general, short term in their nature; the huge development of the energy sector 

has many benefits to the society both in the short and long run. In the short run, high supply of 

electricity to industries and households will cause reduction on the amount of fuel that the 

country imports. This will help the economy to save millions of dollars every year from the 

sector. Added to that, the economy will benefit from the export of electricity to neighboring 

countries. This will help the government to provide better health, education and other services to 

the rural poor. The poor will also benefit from a cleaner energy, which offers health benefit and 

gender equality to rural households but government policies have to make sure the rural poor 

afford the prices. In urban areas where most of the industries are located, a more reliable and 
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uninterrupted supply will give them the flexibility to operate in their own schedule.
4
 This will 

have a considerable benefit to the industries and the country‟s economy at large. It is also 

important to note that as the domestic electricity supply is improved, different sectors such as 

industry will also be improved leading to an economic improvement in the country and changing 

the dynamics of the market that results in a considerable import-export increase or decrease of 

different items. 

On the other hand, the long term implications are more divers in their nature and play 

decisive role from the social, environmental and economic aspects. The main benefit to the global 

environment is the fact that the more the country shifts towards clean energy, the lower the CO2 

emission it emits from the different sectors such as industrial and transportation sectors. Added to 

that, biodiversity loss, deforestation and soil erosion will be minimal for the east African nation.  

5.2 A Brief Analysis of the 10 Years Energy and Transportation Plans and 

Recommendations 

While the recent energy boost in Ethiopia seems very promising in many aspects, there is 

much room for improvements. This section briefly looks into the 10 years energy plan as well as 

the transportation infrastructure plan (railway plans) and comment on it. 

As presented in section 3.1 and 3.2.2, the Ethiopian Environmental Protection Authority has 

put its future energy development plans in line with the COP15 accord and listed its priorities. 

Accordingly, while the project completion of some 10 hydropower projects with a total installed 

capacity of 5,632MW is set to be completed before or by 2015, 7 wind power projects with a 

total installed capacity of 764MW are planned to be commissioned on or before 2013 (EPA, 

2010). Six geothermal projects with a total installed capacity of 450MW are also scheduled to be 

completed under the 10 years plan with all but one set to be commissioned by 2018 (Ibid.). In the 

transportation sector, however, the 10 years plan has set the completion of only two railway 

routes, one a 656 km route (Addis Ababa-Modjo-Awash) to be completed by 2015 and the other 

a 300km Addis Ababa Light Rail Transit project set to be completed by 2020 (Ibid.). The rest 9 

projects do not have a specific date of completion. 
                                                           
4
 NOTE: Due to low level of electricity generation, especially in summer times where the dams are at their absolute 

low, usually a shortage of power occurs and EEPCo provides power to its customers in an alternate way. Sometimes 

there is a power cut of up to 72 hours a week 
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While the energy development projects are quite important, if not necessary, to the betterment 

of the nation‟s societal needs, its economy and the environment, such aggressive development 

plan might also backfire in some ways. Added to that, the development plan prioritizes the energy 

sector (mainly hydropower) while the other energy sources and/or sectors are given lower 

priority. For instance, while the energy plan has 10 hydropower projects until 2015, there is only 

a single geothermal power plant project for this period. 

However, geothermal energies are more promising than hydropower plants in their nature. 

Once they are up for operation, geothermal plants are the most reliable energy systems, they need 

incomparably small area, have almost no impact on biodiversity, landscape or do not have 

considerable social impacts, unlike hydropower. Their output is not also in any way dependent on 

season or is not affected by short term climate changes and generally they perform well compared 

to hydropower plants. In section 3.1.1.4 it is presented that the Ethiopian energy system is greatly 

affected by seasonal rainfall variations as well as temperature variations that in turn cause 

evaporation level variation leading to a low reservoir level and hence low power output. 

However, this high level of evaporation and the lack of enough rainfall during wet seasons do not 

have a significant impact on geothermal power plants. In fact their initial cost is relatively higher 

than hydro, about 2-5million euro/MW compared to, for instance, about 0.83million euro/MW 

for Gibe III, and this might make them incompetent as long as initial cost is concerned. However, 

considering the different controversies encircling some of the hydropower projects, it would be 

more beneficial to first, supply the current energy need of the country from less controversial and 

easily buildable hydropower projects, geothermal power plants and wind farms and then move to 

the big hydropower projects once the country is better off in its economy and can manage to build 

the dams with the least negative impacts possible with more sustainable designs and 

constructions. 

Ethiopia is not in a position to construct huge projects that cost hundreds of millions dollars 

that might fail after sometime. Projects of that type should be carefully studied, highly engineered 

and well reliable in their construction to minimize their social, economic and environmental 

impacts and failures. As a result, EEPCo should make an in depth analysis of the projects prior to 

investing such a big sum. The projects should be constructed in a way that they function at least 

for the period they are designed for. However, some projects are showing poor performance for 
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one or other reasons. For instance, while the Gilgel Gibe I dam is designed to be operational for 

at least 70 years, a recent study by Devi et al. (2008) showed that the volume of the dam will 

reduce by half within 12 years and estimated to be completely filled with sediments and eutrified 

within 24 years. The main reason for this is that nearly 37.5 x 10
6
 m

3
 of sediment is deposited in 

the dam annually (Ibid.). This shows that about 4.4% of the dam‟s capacity is filled with 

sediments each year. From engineering perspective, however, if the sediment deposition potential 

is greater than 1% to 2% of the original capacity of the dam, an immediate remedy is necessary. 

Similarly, a 2008 report by International Rivers presented that the existing dams in Ethiopia have 

experienced heavy sedimentation over the years and pointed out that the problem is a real risk to 

the lifespan of new hydro dams and also dams for other purposes such as irrigation and water 

supply (Hathaway, 2008). The rainy season of the year 2000, for instance, had seen Addis Ababa 

suffer power outages after siltation caused the closure of Koka Dam (Ayalew, 2002). The author 

also noted that a number of dams that were built in the past including Angereb and Melka 

Wakena have been greatly affected by siltation and recommends that due consideration should be 

given while constructing huge dams and reservoirs (Ibid). According to Hathaway (2008) 

sedimentation doesn‟t only affect the lifespan of reservoirs but also downstream ecology and 

aggravates downstream erosion. Generally, most of the underway and planned hydro projects in 

Ethiopia are huge projects including the cascaded Gibe projects, where the failure of one dam has 

a direct impact on the rest of the power plants. It is not unclear that the failure of any of the 

projects to function in their full capacity would cause social, financial and environmental crisis to 

the area and the nation at large. As a result a due consideration should be given prior to the 

development of such projects. 

In another scenario, the development of wind farms is greatly affected by the lack of 

appropriate transportation. According to GTZ (2006a & 2006b) while the transportation of large 

number of turbines takes several months, sometimes it is even difficult to transport high power 

wind turbines and the studies have recommended for a better transportation infrastructure. 

However, the railway development plans are all scheduled for after the completion of the wind 

power projects set for the coming 10 years. But the country could benefit more if critical 

transportation routes are constructed first for a more successful approach of the development 

plans of the energy sector. 
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5.3 Summary, Conclusions and Recommendations 

Ethiopia, a socially and climatically diverse country, has a population of over 88 million 

inhabitants and a growth rate of 3.208% (CIA World Factbook, online). Located on the horn of 

Africa, the country has one of the lowest economies in the world. Agriculture, mostly traditional, 

is the backbone of the nation‟s economy accounting for 85% of the total employment and 45% of 

GDP but the sector faces a continuous challenge due to drought (Ibid.). Its livestock inventory is 

rated as the highest in Africa. However, recent developments have showed a dramatic shift 

towards industrialization leading to an alarmingly increasing demand for energy. Consequently, 

recent developments in the energy sector together with different agricultural programs show a 

promising start to improving the nation‟s infrastructure and its economy. 

The country is endowed with enormous energy potentials with its hydropower potential 

leveled the second largest in Africa with a total capacity of over 45GW. Similarly, its wind, solar 

and geothermal potentials are approximated to be some 10GW, 10
6
GW and 5GW respectively. 

However, it is very important to note that while the theoretical potential of solar energy is very 

large and that of geothermal is also enormous as the Earth contains vast amounts of heat, how 

much can be practically realized at a reasonable cost has always been hard to quantify and 

approximated figures can vary based on the assumptions one takes. 

In the past few years, the government of Ethiopia has launched different ambitious 

development plans in many sectors including energy, transport and agriculture. The majority of 

energy development plans are intended to provide electricity access to the majority of the 

Ethiopian population and improve its coverage from the current 32%. Some of the production is 

also expected to support the nation‟s economy by exporting power to neighboring countries such 

as Kenya, Sudan and Djibouti. While many hydropower as well as wind power projects are 

underway with a total capacity of some 6,396 MW to be completed by 2015, many environmental 

and social concerns have been raised on some of the projects. However, EEPCo has given the 

projects the green light to carry on as the social and environmental impact assessments conducted 

by the corporation show that the projects are rather beneficial. 

Never the less, this desk study assess the energy development projects from sustainability 

(social, economic and environmental), reliability as well as urgency point of view. It also briefly 
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discusses and comments on the 10 years energy and transportation development plans of the 

country. Consequently, the following conclusions and recommendations are drawn to get the 

most out of the available natural resources and consequent development projects: 

- The construction of hydropower projects need a serious attention at all phases of the 

projects; design - through construction - to post construction  management of the projects 

and failure of dams are not affordable as the effects are devastating and might be very costly 

to fix them once a fail occurs. Geothermal power plants, however, are more reliable, require 

very small land area and they do not have the biodiversity, landscape and social devastating 

issues that are critical in the construction of dams and reservoirs for hydropower plants. In 

addition, they are not sensitive to season variation and climate change as compared to 

hydropower plants. Consequently, the construction of geothermal power plants is suggested 

prior to large hydropower plants as this could be more beneficial to the country as its overall 

advantages weight over that of the hydropower in the case of Ethiopia. Once the country is 

better off in its economy and technology, the hydropower projects can be constructed with 

minimum negative impacts and in a more sustained way. 

- Currently, wind energy is another alternative that Ethiopia is engaging itself into and the 

proposed and underway promising wind power projects have the potential to successfully 

supplement the hydropower dominated electricity industry. It is, however, recommended the 

projects should rather go for bigger and high power wind turbines instead of the proposed 

1MW turbines for some wind farms as it might result in a considerable energy yield 

reduction. On the other hand, for a smoother and more convenient installation of wind 

turbines the transportation sector plays a decisive role. Consequently, prioritizing the road 

infrastructure, mainly railway constructions, over the energy system itself could save the 

country considerable money, energy and construction time for the projects. The possibility 

of using wind energy for other purposes is also recommended. These energy systems are 

well suited to, for example, pumping water for irrigation purposes, as this doesn‟t require 

continuous electricity supply and usually it can be done at any hour of the day and can 

suitably fit with wind energy. Wind energy can also be very appropriate to remote area 

electrification where supplying those areas from the grid is unsuitable. Stand alone wind 

turbines, even though they might not be cost-effective, can be installed in such remote areas.  
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- Added to the above energy alternatives, the Ethiopian government has recently announced 

its dedication to the sector by proposing multimillion dollar solar power projects. These 

plans include the potential use of solar cells for different purposes, such as the installation of 

solar home systems, the use of solar energy for water pumping, millions of solar lanterns, 

thousands of solar water heaters and distribution of thousands of solar cookers, all to be 

completed between 2010 and 2015. A successful completion of these promising projects 

would bring an unprecedented benefit to the society, the nation and the environment at 

large. 

- While the different negative social and environmental impacts of many, if not most, hydro 

and wind power projects are unavoidable, the long term benefit of the projects should be the 

main guiding factor. Some of the organizations against the Gibe III and other hydropower 

projects base their opposition of the projects based on desk studies and without in depth and 

thorough analysis. The EEPCo social and environmental impact assessment report also 

lacks objectivity since it is focusing on the positive impacts of the project while the negative 

impacts are given less attention. However, while building different projects that affect 

thousands of people, cover a big ecosystem and cost millions of dollars, different burning 

issues such as health, food security and displacement issues, ecosystem imbalance, cultural 

and aesthetic values, economy and other issues must be studied in depth both for their short 

and long term implications and their benefit to the society that they are built for. 

- The conducted survey result showed that most Ethiopians believe that the economy is the 

most important issue that the country has to consider while building different projects. The 

respondents also approve the current underway Gibe III project. 

- While the biofuel industry is under different criticisms for its negative impacts on the 

environment and most importantly on food security issues, the Ethiopian energy industry 

finds itself planning to boost its engagement in the sector. However, biofuel might pose 

food shortage risks to the East African nation that has agriculture dominated economy and a 

thorough social, economic and long term environmental implications should be studied prior 

to adapting those strategies. Added to that, as already presented in this work, Ethiopia has 

giant amount of renewable and sustainable energy resources if used in the right way. It is 

concluded that biofuel, especially biodiesel, is not a feasible alternative for Ethiopia in 
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today‟s technology considering the food scarcity issues that the country is in and the impact 

of biofuel on similar issues. 

- Equally important to developing new dams and power plants, EEPCo should also find a 

solution to problems that reduces the lifespan of the existing dams and power plants as a 

timely remedy is critical. As discussed in section 5.2, the Gilgel Gibe I dam might be totally 

filled with sediments in less than 25 years compared to the 75 years service time which it 

was designed for. Many other dams are also in critical condition and immediate and 

appropriate actions to reduce the sediment levels of the dams play a critical role in avoiding 

the risk of failures. In doing so, there are different ways that could be applied with existing 

dams. Erosion reduction and sediment flushing are recommended as alternative solutions to 

the siltation and sediment deposition problems. Erosion reduction: by reducing the annual 

sediment that enters into the dam, the total sediment deposition can be reduced maximizing 

the life of the dam. It can be done through tree plantation, minimizing agricultural activities 

around the dam, avoiding different human impacts, etc. Similarly, sediment flushing is one 

of the systematic approaches to solve such problems. It is the avoidance of deposited 

sediment from reservoirs first by lowering the water level in the dam by opening the lower 

outlets in a dam and then increases the water velocities into the reservoir which causes the 

washing away of sediments. Even though the effectiveness of this method depends on many 

factors such as the size and shape of the reservoir, different operational limitations, 

downstream impacts and others, it is very important that EEPCo implement appropriate 

methods to solve the problem that might cause a huge catastrophe to the ecosystem and the 

economy at large. 
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Appendix 1: Questionnaire 

Introduction 

The Ethiopian energy sector has showed unprecedented developments in recent years. These projects 

include the construction of different dams and hydropower plants and installation of wind turbines. 

While the construction of these huge projects have multidimensional social, environmental and 

economic benefits to the country, the construction of dams (especially Gilgel Gibe III) has raised 

different controversy as it has huge negative social and environmental impacts. 

 

The aim of this questionnaire is to research whether Ethiopians are for or against the current 

multimillion dollar projects and/or the controversy encircling them. For the purpose of this study, there 

are four suggested action alternatives that could be applied to the Gibe River. This questionnaire 

focuses on people‟s opinion on the usage of the river considering environmental, economic and social 

aspects. There are no right or wrong answers a nd genuine replies are highly appreciated. The 

following are the given action alternatives:  

 1) Hydropower (current policy): this option suggests using the river for hydropower generation 

and supports the ongoing projects. The river might have some impact on the society and Omo-gibe 

ecosystem but the long term benefit is what we should focus on. 

 2) Agriculture: The country‟s economy is largely based on agriculture. Therefore, this option 

suggests using the Omo-Gibe River for irrigation purposes, no matter what the impacts are on the 

ecosystem.   

 3) Tourism: this option is about using the river for recreational purposes. By making the river and 

its surrounding tourism friendly, the tourism industry can be improved.  

 4) No action: This alternative doesn‟t approve any of the action alternatives given above. It says 

that we shouldn‟t construct the dams or use the river for large scale agriculture. The construction 

of dams causes serious impacts to the society who lives in the basin and it also affects the basin 

ecosystem. Their life shouldn‟t be marginalized for the sake of satisfying the country‟s electricity 

demand. 

Questions 

 1. What is your awareness level on the current energy development projects in Ethiopia and on 

global environmental issues? 

A. Very much___ B. Enough___ C. Not so much___ D. Not at all____ 

 2. How often do you think about the effective usage of Ethiopian water potentials? 

A. Always___ B. Sometimes___ C. Never___ 

 3. Which part of Ethiopia are you from? 

A. North____ B. South____ C. East____ D. West____ E. Central____ 
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In each of the following questions, please rank the options on the scale of 1-100 (The sum of the 

rankings must equal to 100 in each question). The option which you give the highest percentage is the 

one that you consider to be the most important to the country. 

Example: From economical perspective, which river do you think plays the main role in the countries 

development? (Please distribute the weights according to your preference) 

 1. The Blue Nile 40 % 

 2. Awash River 25 % 

 3. Tekeze River 35 % 

 

 4. From ENVIRONMENTAL perspective, what is the most important aspect to consider? 

 A. Renewable energy sources _____% 

 B. Emission reduction _____% 

 C. Balanced ecosystem _____% 

 

 5. From ECONOMIC perspective, which one do you think is most important?  

 A. Modern industry _____% 

 B. Better and sustainable agriculture _____% 

 C. Better infrastructure (such as energy, transportation, etc) _____% 

 D. Reduction of petroleum import _____% 

 E. Tourism income _____% 

  

 6. From SOCIAL perspective, which one do you think is the most important factor to consider?  

 A. Local community (displacement, food insecurity, etc) _____% 

 B. Region instability (conflict as a result of lack of enough water, land, etc) _____% 

 

 7. How would you distribute the weights of the three different perspectives (which one is most 

important): 

 A. Environment ________% 

 B. Economy ________% 

 C. Social perspectives ________% 
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