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FOREWORD 
 
Today, innovations and technology improvements within renewable energy are taking place at a very rapid 
pace. Long term energy planning is very dependent on cost and performance of future energy producing 
technologies. The objective of this technology catalogue is to estimate such data. Having good 
understanding of technologies in terms of cost and performance is a key to good energy planning. 
 
The historical development of costs for renewable energy is illustrated in the graph below. Renewables have 
seen a dramatic cost decline in the past years; along with other rapidly developing technologies, well-
thought future cost projections are paramount to energy modelling activities. As an example, the levelized 
cost of electricity (LCOE) for photovoltaic (PV) systems dropped from 0.38 $/kWh in 2010 to 0.04 $/kWh in 
2022 (world average) (Figure 1). 
 

 
Figure 1: Evolution and of LCOE and PPA cost of renewable energy (ref. 5) 

Due to the multi-stakeholder involvement in the data collection process, the technology catalogue contains 
data that has been scrutinised and discussed by a broad range of relevant stakeholders. This is essential 
because a main objective is to have the technology catalogue well-anchored amongst all stakeholders. 
 
The technology catalogue will assist the long-term energy modelling in Ethiopia and support government 
institutions, private energy companies, think tanks and others with a common set of data of electricity 
producing technologies in Ethiopia in the future, broadly recognized by the energy sector. The data can be 
used for e.g., development of ÒÅÌÅÖÁÎÔ ÐÏÌÉÃÉÅÓ ÁÎÄ ÂÕÓÉÎÅÓÓ ÓÔÒÁÔÅÇÉÅÓ ÔÏ ÁÃÈÉÅÖÅ ÔÈÅ ÇÏÖÅÒÎÍÅÎÔȭÓ ÌÏÎÇ-
term targets. 
 
The Ethiopian Technology Catalogue builds on the approach of The Danish Technology Catalogue which 
has been developed by the Danish Energy Agency and Energinet for many years in an open process with 
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stakeholders. The Ethiopian Technology Catalogue is inspired by a series of previously-conceived 
technology catalogues such as the Indonesian and the Vietnamese Technology Catalogues, published in 
2017 and 2019 respectively. Furthermore, other relevant publications from the IEA and IRENA have been 
used as international references.  
 
The text and data have been edited based on Ethiopian cases to represent local conditions. For the far future 
(2030 and 2050) international references have been relied upon for most technologies since Ethiopian data 
is expected to converge to these international values. In the short run differences may exist, especially for 
the emerging technologies. Differences in the short run can be caused by e.g., current rules and regulations 
(e.g. local content policies) and level of market maturity of the technology. Differences in both short and 
long run can also be caused by local physical conditions. 
 
The current edition has been developed in close collaboration between MoWIE, EEP, the Danish Energy 
Agency and Ea Energy Analyses.  
 
References 

1. Energinet and Danish Energy Agency (2020): Technology Data on Energy Plants - Generation of 
Electricity and District Heating, Energy Storage and Energy Carrier Generation and Conversion.  
See also: ens.dk/en/our-services/projections-and-models/technology-data  

2. IRENA (2018): Renewable Power Generation Costs in 2017, International Renewable Energy Agency, 
Abu Dhabi. 

3. Sino-Danish Renewable Energy Development programme (2014): China Renewable Energy 
Technology Catalogue. 

4. Department for Business, Energy & Industrial Strategy (2016): Electricity generation cost 
5. IRENA (2021). Renewable power generation costs in 2020. www.irena.org 
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METHODOLOGY 
 
The technologies described in this catalogue cover both very mature technologies and technologies which are 
expected to improve significantly over the coming decades, both with respect to performance and cost. This 
implies that the price and performance of some technologies may be estimated with a rather high level of 
certainty whereas in the case of other technologies both cost and performance today as well as in the future is 
associated with a high level of uncertainty. All technologies have been grouped within one of four categories of 
technological development (described in section about research and development) indicating their 
technological progress, their future development perspectives and the uncertainty related to the projection of 
cost and performance data. 
 
The boundary for both cost and performance data are the generation assets plus the infrastructure required to 
deliver the energy to the nearest grid. For electricity, this is the nearest substation of the transmission grid. This 
implies that a MW of electricity capacity of the plant represents the net electricity delivered, i.e., the gross 
generation minus the auxiliary electricity consumed at the plant. Hence, efficiencies are also net efficiencies. 
 
Each technology is described by a separate technology sheet, following the format explained below. 
 

Qualitative description 
 
The qualitative description describes the key characteristic of the technology as concisely as possible. The 
following paragraphs are included if found relevant for the technology. 
 
Technology description 
Brief description for non-engineers of how the technology works and for which purpose. 
 
Input 
The main raw materials, primarily fuels, consumed by the technology. 
 
Output  
The output of the technologies in the catalogue is electricity. If relevant, other output such as process heat are 
mentioned here.  
 
Typical capacities 
The stated capacities are for a single unit (e.g., a single wind turbine or a single gas turbine), as well as for the 
total power plant consisting of a multitude of units such as a wind farm. The total power plant capacity should 
be that of a typical installation in Ethiopia.  
 
Ramping configurations and other power system services 
Brief description of ramping configurations for electricity generating technologies, i.e., what are the part load 
characteristics, how fast can they start-up, and how quickly are they able to respond to demand changes. 
 
Advantages/disadvantages 
Specific advantages and disadvantages relative to equivalent technologies. Generic advantages are ignored; for 
example, that renewable energy technologies mitigate climate risk and enhance security of supply.  
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Environment 
Particular environmental characteristics are mentioned, e.g., special emissions or the main ecological 
footprints.  
 
Employment  
Description of the employment requirements of the technology in the manufacturing and installation process 
as well as during operation.  
 
Research and development  
The section lists the most important challenges from a research and development perspective. Particularly 
Ethiopian research and development perspectives is highlighted if relevant. 
 
The potential for improving technologies is linked to the level of technological maturity. Therefore, this section 
also includes a description of the commercial and technological progress of the technology. The technologies 
are categorized within one of the following four levels of technological maturity. The correlation between 
accumulated production volume and price for the four categories is shown in Figure 2. 
 
Category 1. Technologies that are still in the research and development phase. The uncertainty related to price 
and performance today and in the future is very significant. 
 
Category 2. Technologies in the pioneer phase. Through demonstration facilities or semi-commercial plants, it 
has been proven that the technology works. Due to the limited application, the price and performance is still 
attached with high uncertainty, since development and customization is still needed. (e.g., gasification of 
biomass). 
 
Category 3. Commercial technologies with moderate deployment so far. Price and performance of the technology 
today is well-known. These technologies are deemed to have a significant development potential and therefore 
there is a considerable level of uncertainty related to future price and performance (e.g., offshore wind turbines) 
 
Category 4. Commercial technologies, with large deployment so far. Price and performance of the technology 
today is well-known, and normally only incremental improvements would be expected. Therefore, the future 
price and performance may also be projected with a fairly high level of certainty (e.g., coal power, gas turbine). 
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Figure 2: Technological development phases. Correlation between accumulated production volume (MW) and price. 

Investment cost estimation 
In this section investment cost projections from different sources are compared, when relevant. If available, local 
projects are included along with international projections from accredited sources (e.g., IRENA). On top of the 
table, the recommended cost figures are highlighted. Local investment cost figures are reported directly when 
available, otherwise they are derived from the result of PPAs, auctions and/or support mechanisms. 
 
Cost projections based on the learning curve approach is added at the bottom of the table to show cost trends 
derived from the application of the learning curve approach (see the Appendix for a more detailed discussion). 
Technological learning is based on a certain learning rate and on the capacity deployment defined as the 
averÁÇÅ ÏÆ ÔÈÅ )%!ȭÓ 3ÔÁÔÅÄ 0ÏÌÉÃÉÅÓ ÁÎÄ 3ÕÓÔÁÉÎÁÂÌÅ $ÅÖÅÌÏÐÍÅÎÔȢ 4ÈÅ ÓÉÎÇÌÅ ÔÅÃÈÎÏÌÏÇÙ ÉÓ ÇÉÖÅÎ Á ÎÏÒÍÁÌÉÚÅÄ 
cost of 100% in 2020 (base year); values smaller than 100% for 2030 and 2050 represent the technological 
learning, thus the relative cost reduction against the base year. An example of the table is shown below. 
 

Investment costs [MUSD2019/MW] 2018 2020 2030 2050 

Catalogues 
Technology catalogue for 
Ethiopia (2021) 

       
 

Ethiopian 
data 

Local data I     

Local data II     
 

International 
data 

Danish technology catalogue      

IRENA     

IEA WEO19     
 

Projection Learning curve ɀ cost trend [%]     
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As for the uncertainty of investment cost data, the following approach was followed: for 2020 the lower and 
upper bound of uncertainty are derived from the cost span in the various sources analysed. For 2050, the central 
estimate is based on a learning rate of 12.5% and an average capacity deployment from the Stated Policies 
(STEP) and Sustainable Development (SD) scenarios of the World Energy Outlook 2019. The 2050 uncertainty 
range combines cost spans of 2020 with the uncertainty related to the technology deployment and learning: a 
learning rate range of 10-15% and the capacity deployment pathways proper of STEPS and SDS scenarios are 
considered to evaluate the additional uncertainty. The upper bound of investment cost, for example, will 
therefore be calculated as the upper bound for 2020 plus a cost development based on the scenario with a 
learning rate of 10% combined with the scenario with the lowest deployment towards 2050. 
 
Examples of current projects 
Recent technological innovations in full-scale commercial operation should be mentioned, preferably with 
references and links to further information. This is not necessarily a Best Available Technology (BAT), but rather 
a representative indication of the typical projects that are currently being commissioned. 
 
 

Quantitative description  
 
To enable comparative analyses between different technologies it is imperative that data is comparable. As an 
example, economic data is stated in the same price level and value added taxes (VAT) or other taxes are 
excluded. The reason for this is that the technology catalogue should reflect the socio-economic cost for the 
Ethiopian society. In this context taxes do not represent an actual cost but rather a transfer of capital between 
Ethiopian stakeholders, the project developer, and the government. Also, it is essential that data be given for 
the same years. Year 2020 is the base for the present status of the technologies, i.e., best available technology 
at the point of commissioning. 
 

All costs are stated in U.S. dollars (USD), price year 2019. When converting costs from a year X to $2016 the 
following approach is recommended: 
 
1. If the cost is stated in ETB, convert to USD using the exchange rate for year X (Table 1- first table). 
2. Then convert from USD in year X to USD in 2019 using the relationship between the US Producer Price Index 
for ȰEngine, Turbine, and Power Transmission Equipment Manufacturingȱ of year X and 2019 (Table 1 - second 
table). 
 
For example, a 1000 ETB in 2015 is converted to 0.048 USD (2015) using the exchange rate of 20.686. This further 
converted to 0.049 USD (2019) by multiplying to the ratio between PPI for 2019 and 2015 (i.e., 189/184.6 = 
1.024). 
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Table 1: The yearly average exchange rate between ETB and $. 

Year ETB to $ 

2010 11.619 

2011 16.974 

2012 17.787 

2013 18.154 

2014 19.671 

2015 20.686 

2016 21.837 

2017 23.967 

2018 27.668 

2019 29.212 

2020 33.426 

 
 
US Producer Price Index for ȰTurbine, and Power Transmission Equipment Manufacturingȱ, Index Dec 1984 =100. 
This industry comprises establishments primarily engaged in manufacturing turbines, power transmission 
equipment, and internal combustion engines (except automotive gasoline and aircraft) (ref. 1). 

Year Producer Price 
Index 

2007 152.6 

2008 162.9 

2009 174.6 

2010 174.6 

2011 177.7 

2012 179.0 

2013 180.9 

2014 183.0 

2015 184.6 

2016 181.8 

2017 181.8 

2018 184.2 

2019 189.0 

2020 192.2 

2021 196.4 

 
 
The construction time, which is also specified in the data sheet, represents the time between the financial 
closure, i.e., when financing is secured, and all permits are at hand, and the point of commissioning. 
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The outline of a typical data sheet, containing all parameters used to describe the specific technologies, is 
discussed below. The data sheet consists of a generic part, which is identical for groups of similar technologies 
(thermal power plants, non-thermal power plants and heat generation technologies) and a technology specific 
part, containing information, which is only relevant for the specific technology. The generic technology part is 
made to allow for an easy comparison of technologies.  
 
Each cell in the data sheet should only contain one number, which is the central estimate for the specific 
technology, i.e., no range indications. Uncertainties related to the figures should be stated in the columns called 
uncertainty. To keep the data sheet simple, the level of uncertainty is only specified for years 2020 and 2050. 
The level of uncertainty is illustrated by providing a lower and higher bound indicating a confidence interval of 
90%. The uncertainty is ÒÅÌÁÔÅÄ ÔÏ ÔÈÅ ȬÍÁÒËÅÔ ÓÔÁÎÄÁÒÄȭ ÔÅÃÈÎÏÌÏÇÙȠ ÉÎ ÏÔÈÅÒ ×ÏÒÄÓȟ ÔÈÅ ÕÎÃÅÒÔÁÉÎÔÙ ÉÎÔÅÒÖÁÌ 
does not represent the product range (for example a product with lower efficiency at a lower price or vice versa). 
For certain technologies, the catalogue covers a product range, this is for example the case for coal power, 
where both subcritical, supercritical and ultra-supercritical power plants are represented.  
 
The level of uncertainty needs only to be stated for the most critical figures such as for example investment 
costs and efficiencies.  
 
Before using the data, please note that essential information may be found in the notes below the table. 
 
 

Energy/technical data 
 
The data tables hold information about 2020, 2030 and 2050. The year in the data table represents the first year 
of operation. 
 
Generating capacity  
The capacity is stated for both a single unit, e.g., a single wind turbine or gas engine, and for the total power 
plant, for example a wind farm or gas fired power plant consisting of multiple gas engines. The sizes of units and 
the total power plant should represent typical power plants. Factors for scaling data in the catalogue to other 
plant sizes than those stated are presented later in this methodology section. 
 
The capacity is given as net generation capacity in continuous operation, i.e., gross capacity (output from 
generator) minus own consumption (house load), equal to capacity delivered to the grid. 
 
The unit MW is used for electric generation capacity, whereas the unit MJ/s is used for fuel consumption. 
 
This describes the relevant product range in capacity (MW), for example 200-1000 MW for a new coal-fired 
power plant. It should be stressed that data in the sheet is based on the typical capacity, for example 600 MW 
for a coal-fired power plant. When deviations from the typical capacity are made, economy of scale effects need 
to be considered (see the section about investment cost). 
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Energy efficiencies 
Efficiencies for all thermal plants are expressed in percentage at lower calorific heat value (lower heating value 
or net heating value) at ambient conditions in Ethiopia, considering an average air temperature of 
approximately 28 °C. 
 
The electric efficiency of thermal power plants equals the total delivery of electricity to the grid divided by the 
fuel consumption. Two efficiencies are stated: the nameplate efficiency as stated by the supplier and the 
expected typical annual efficiency.  
 
Often, the electricity efficiency is decreasing slightly during the operating life of a thermal power plant. This 
degradation is not reflected in the stated data. As a rule of thumb, you may deduct 2.5 ɀ 3.5% points during the 
lifetime (e.g., from 40% to 37%).  
 
In case of technologies like hydro and wind, nameplate and annual efficiency is considered to be same. 
  
Forced and planned outage 
Forced outage is defined as number of weighted forced outage hours divided by the sum of forced outage hours 
and operation hours. The weighted forced outage hours are the hours caused by unplanned outages, weighted 
according to how much capacity was out. 
 
Forced outage is given in percent, while planned outage (for example due to renovations) is given in weeks per 
year. 
 
Technical lifetime  
The technical lifetime is the expected time for which an energy plant can be operated within, or acceptably close 
to, its original performance specifications, provided that normal operation and maintenance takes place. During 
this lifetime, some performance parameters may degrade gradually but still stay within acceptable limits. For 
instance, power plant efficiencies often decrease slightly (few percent) over the years, and operation and 
maintenance costs increase due to wear and degradation of components and systems. At the end of the 
technical lifetime, the frequency of unforeseen operational problems and risk of breakdowns is expected to lead 
to unacceptably low availability and/or high operations and maintenance costs. At this time, the plant would be 
decommissioned or undergo a lifetime extension, implying a major renovation of components and systems as 
required to make the plant suitable for a new period of continued operation. 
 
The technical lifetime stated in this catalogue is a theoretical value inherent to each technology, based on 
experience. In real life, specific plants of similar technology may operate for shorter or longer times. The 
strategy for operation and maintenance, e.g., the number of operation hours, start-ups, and the reinvestments 
made over the years, will largely influence the actual lifetime. 
 
Construction time 
Represents the time between the financial closure, i.e., when financing is secured, and all permits are at hand, 
until commissioning completed (start of commercial operation), expressed in years. 
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Space requirement 
If relevant, space requirement is specified. The space requirements may among other things be used to calculate 
the rent of land, which is not included in the financial since the cost item depends on the specific location of the 
plant. 
 
Average annual capacity factor 
Unless otherwise stated, the thermal technologies in the catalogue are assumed to be designed for and 
operating for approx. 6000 full load hours of generation annually (capacity factor of just below 70%). Some of 
the exceptions are municipal solid waste generation facilities and geothermal power plants, which are designed 
for continuous operation, i.e., approximately 8000 full load hours annually (capacity factor of 90%).  
 
For non-thermal power generation technologies, a typical average annual capacity factor is presented. The 
average annual capacity factor represents the average annual net generation divided by the theoretical annual 
net generation, if the plant were operating at full capacity all year round. The equivalent full load hours per year 
is determined by multiplying the capacity factor by 8,760 hours, the total number of hours in a year. 
 
The capacity factors for technologies like solar, wind and hydropower are very site specific. In these cases, the 
typical capacity factor is supplemented with additional information, for example maps or tables, explaining how 
the capacity will vary depending on the geographic location of the power plant. This information is normally 
integrated in the brief technology description.  
 
The theoretical capacity factor represents the production realised, assuming no planned or forced outages. The 
realised full-loads considers planned and forced outage. 
 

Ramping configuration  
 
The electricity ramping configuration of the technologies is described by four parameters: 

¶ Ramping (% per minute) i.e., the ability to ramp up and down when the technology is already in 
operation. 

¶ Minimum load (percent of full load): The minimum load from which the boiler can operate 

¶ Warm start-up time, (hours): The warm start-up time, used for boiler technologies, is defined as the 
time for starting, from a starting point where the water temperature in the evaporator is above 100oC, 
which means that the boiler is pressurized. 

¶ Cold, start-up time, (hours). The cold start-up time used for boiler technologies is defined as the time it 
takes to reach operating temperature and pressure and start production from a state where the boiler 
is at ambient temperature and pressure. 
 

For several technologies, these parameters are not relevant, e.g., if the technology can ramp to full load 
instantly in on/off-mode. 
 

Environment 
 
The plants should be designed to comply with the regulation that is currently in place in Ethiopia and planned 
to be implemented within the 2020-time horizon.  
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CO2 emission values are not stated, but these may be calculated by the reader of the catalogue by combining 
fuel data with technology efficiency data. 
 
Emissions of particulate matter are expressed as PM2.5 in gram per GJ fuel.  
 
SOx emissions are calculated based on the following sulphur contents of fuels: 
 

  Coal Fuel oil Gas oil Natural gas Wood Waste Biogas 

Sulphur (kg/GJ) 0.35 0.25 0.07 0.00 0.00 0.27 0.00 

 
The Sulphur content can vary for different kinds of coal products. The Sulphur content of coal is calculated from 
a maximum sulphur weight content of 0.8%.  
 
For technologies where desulphurization equipment is employed (typically large power plants), the degree of 
desulphurization is stated in percentage terms. 
 
NOx emissions represent emissions of NO2 and NO, where NO is converted to NO2 in weight-equivalents. NOx 
emissions are also stated in grams per GJ fuel. 
 
Emissions of methane (CH4) and Nitrous oxide (N2O) are not included in the catalogue. However, these are both 
potent greenhouse gas, and for certain technologies, for example for gas turbines, the emissions can be relevant 
to include. In further development of the catalogue these emissions could also be included. 
 
 

Financial data 
Financial data are all in $ fixed prices, price level 2019 and exclude value added taxes (VAT) or other taxes.  
 
For projection of future financial costs there are three overall approaches: Engineering bottom-up, Delphi-
survey, and Learning curves. This catalogue uses the learning curve approach. The reason is that this method 
has proved historically robust and that it is possible to estimate learning rates for most technologies. See 
Appendix. 
 
Investment costs 
The investment cost or initial cost is often reported on a normalized basis, e.g., cost per MW. The nominal cost 
is the total investment cost divided by the net generating capacity, i.e., the capacity as seen from the grid.  
 
If possible, the investment cost is divided into equipment cost and installation cost. Equipment cost covers the 
plant itself, including environmental facilities, whereas installation costs cover buildings, grid connection and 
installation of equipment. 
 
Different organizations employ different systems of accounts to specify the elements of an investment cost 
estimate. Since there is no universally employed nomenclature, investment costs do not always include the 
same items. Actually, most reference documents do not state the exact cost elements, thus introducing an 
unavoidable uncertainty that affects the validity of cost comparisons. Also, many studies fail to report the year 
(price level) of a cost estimate. 
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In this report, the intention is that investment cost shall include all physical equipment, typically called the 
engineering, procurement and construction (EPC) price or the overnight cost. Connection costs are included, but 
reinforcements are not included. It is here an assumption that the connection to the grid is within a reasonable 
distance.  
 
The rent or buying of land is not included but may be assessed based on the space requirements specified under 
the energy/technical data. The reason for the land not being directly included, is that land, for the most part, do 
not lose its value. It can therefore be sold again after the power plant has fulfilled its purpose and been 
decommissioned.  
 
4ÈÅ Ï×ÎÅÒÓȭ ÐÒÅÄÅÖÅÌÏÐÍÅÎÔ ÃÏÓÔÓ ɉÁÄÍÉÎÉÓÔÒÁtion, consultancy, project management, site preparation, and 
approvals by authorities) and interest during construction are not included. The cost to dismantle 
decommissioned plants is also not included. Decommissioning costs may be offset by the residual value of the 
assets. 
 
Cost of grid expansion 
As mentioned before, grid connection costs are included, however possible costs of grid expansion from adding 
a new electricity generator to the grid are not included in the presented data.  
 
Business cycles 
Business cycles follow general and cross-sectoral economic trends. As an example, the cost of energy 
equipment surged in 2007-2008 in conjunction with the financial crisis outbreak. In a study assessing generation 
costs in the UK in 2010, Mott MacDonald reported that ȰAfter a decade of cycling between $400 and $600 a kW 
installed EPC prices for CCGT increased sharply in 2007 and 2008 to peak at around $1250/kW in Q3:2008. This 
peak reflected tender prices: no actual transactions were done at these prices.ȱ 
 
Such unprecedented variations obviously make it difficult to benchmark data from the recent years; 
furthermore, predicting the outbreak of global recessions and their impact on complex supply chains (such as 
the Covid-19 2020 crisis) is challenging. However, a catalogue as the present needs to refer to several sources 
and assume future courses. The reader is urged to bear this in mind when comparing the costs of different 
technologies.  
 
Economy of scale 
The per unit cost of larger power plants is usually lower than that of smaller plants. This is the effect of ȬÅÃÏÎÏÍÙ 
ÏÆ ÓÃÁÌÅȭȢ An empirical relationship between power plant size and their cost was analysed in the article ȰEconomy 
of Scale in Power Plantsȱ in the August 1977 issue of Power Engineering Magazine (p. 51). The basic equation 
linking costs and sizes of two different power plants is: 

 

   

  
Where:  C1 = Investment cost of plant 1 (e.g., in million US$) 

C2  = Investment cost of plant 2 
P1  = Power generation capacity of plant 1 (e.g., in MW) 
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P2  = Power generation capacity of plant 2 
a  = Proportionality factor 

 
For many years, the proportionality factor averaged about 0.6, but extended project schedules may cause the 
factor to increase. However, used with caution, this rule may be applied to convert data in this catalogue to 
other plant sizes than those stated. It is important that the plants are essentially identical in construction 
technique, design, and time frame and that the only significant difference is size. 
 
For very large-scale plants, like large coal power plants, we may have reached a practical limit, since very few 
investors are willing to add increments of 1000 MW or above. Instead, by building multiple units at the same 
spot can provide sufficient savings through allowing sharing of balance of plant equipment and support 
infrastructure. Typically, about 15% savings in investment cost per MW can be achieved for gas combined cycle 
and big steam power plant from a twin unit arrangement versus a single unit (ȰProjected Costs of Generating 
Electricityȱ, IEA, 2010). The financial data in this catalogue are all for single unit plants (except for wind farms 
and solar PV), so one may deduct 15% from the investment costs, if very large plants are being considered. 
 
Unless otherwise stated the reader of the catalogue may apply a proportionality factor of 0.6 to determine the 
investment cost of plants of higher or lower capacity than the typical capacity specified for the technology. For 
each technology, the relevant product range (capacity) is specified. 
 
Operation and maintenance (O&M) costs 
The fixed share of O&M is calculated as cost per generating capacity per year ($/MW/year), where the 
generating capacity is the one defined at the beginning of this chapter and stated in the tables. It includes all 
costs, which are independent of how many hours the plant is operated, e.g., administration, operational staff, 
payments for O&M service agreements, network or system charges and insurance. Any necessary 
reinvestments to keep the plant operating within the technical lifetime are also included, whereas 
reinvestments to extend the life beyond the technical lifetime are excluded. Reinvestments are discounted at 
annual discount rate in real terms. The cost of reinvestments to extend the lifetime of the plants may be 
mentioned in a note if data is available.  
 
The variable O&M costs ($/MWh) include consumption of auxiliary materials (water, lubricants, fuel additives), 
treatment and disposal of residuals, spare parts and output related repair and maintenance (however not costs 
covered by guarantees and insurances). Planned and unplanned maintenance costs may fall under fixed costs 
(e.g., scheduled yearly maintenance works) or variable costs (e.g., works depending on actual operating time) 
and are split accordingly. 
 
Fuel costs are not included. It should finally be noted that O&M costs often develop over time. The stated O&M 
costs are therefore average costs during the entire lifetime. 
 
 
 
References 

1. U.S. Bureau of Labor Statistics, Producer Price Index by Industry: Turbine and Power Transmission 
Equipment Manufacturing [PCU33363336], retrieved from FRED, Federal Reserve Bank of St. Louis; 
https://fred.stlouisfed.org/series/PCU33363336. 
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1. HYDROPOWER PLANTS 
 
Brief technology description 
 
Hydropower has been a reliable and proven method for electricity production for over a century. The 
concept exploits the head difference between two water reservoirs, be it natural or artificially created 
through dams and weirs. In a hydropower plant, the potential energy is converted into rotational kinetic 
energy, which spins the blades of a turbine connected to a generator.  
 
Hydropower plants can be classified in different ways, which for instance distinguish among head 
availability, plant size and operational regime. In terms of operational regime, the following classification is 
widely accepted (ref. 1): 
 

¶ Run-of-river (RoR) plants. A facility that channels flowing water from a river through a canal or 
penstock to spin a turbine. Typically, a run-of-river project has little or no storage facility. They are 
typically small and find application also in off-grid contexts. 

¶ Storage/reservoir plants. Uses a dam to store water in a reservoir (water impoundment). Electricity is 
produced by discharging water from the reservoir through a turbine, which activates a generator. They 
can span over a wide range of capacities, depending on the hydraulic head and reservoir size. 

¶ Pumped storage plants. Provides peak load supply, harnesses water which is cycled between a lower 
and upper reservoir by pumps which use surplus energy from the system at times of low demand. While 
plenty of pumped hydro storage plants exist and are under construction in the world, Ethiopia does not 
have any of these facilities. 

A scheme for RoR and reservoir plants is presented in Figure 3. 

 

 
Figure 3: Reservoir and run-of-river hydropower plants (ref. 2, 3). 

Run-of-river and reservoir hydropower plants can be combined in cascading river systems and pumped 
storage plants can utilize the water stored in one or several reservoir hydropower plants. In cascading 
systems (Figure 4), the energy output of a run-of-river hydropower plant can be regulated by an upstream 
reservoir hydropower plant. A large reservoir in the upper catchment generally regulates outflows for 
several run-of-rivers or smaller reservoir plants downstream. This likely increases the yearly energy potential 
of downstream sites aÎÄ ÅÎÈÁÎÃÅÓ ÔÈÅ ÖÁÌÕÅ ÏÆ ÔÈÅ ÕÐÐÅÒ ÒÅÓÅÒÖÏÉÒȭÓ ÓÔÏÒÁÇÅ ÆÕÎÃÔÉÏÎȢ (Ï×ÅÖÅÒȟ ÔÈÉÓ ÁÌÓÏ 
creates the dependence of downstream plants to the commitment of the upstream plants. 
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Figure 4: Cascading Systems (ref. 4) 

 
Hydropower systems can range from tens of Watts to hundreds of Megawatts. A classification based on the 
size of hydropower plants is presented in Table 2. 
 

Table 2: Classification of hydropower plants based on size (ref. 1). 

Type 
Capacity 
(international 
classification) 

Capacity 
(Ethiopian 
classification) 

Large hydropower > 100 MW >30 MW 

Medium hydropower 25 ɀ 100 MW 10 ɀ 30 MW 

Small hydropower 1- 25 MW 1 ɀ 10 MW 

Mini/micro/pico hydropower < 1000 kW < 1000 kW 

 
Large hydropower plants often have outputs of hundreds or even thousands of megawatts and use the 
energy of falling water from the reservoir to produce electricity using a variety of available turbine types 
(e.g., Pelton, Francis, Kaplan) depending on the characteristics of the river, the hydraulic head and 
installation capacity. Small, micro and pico hydropower plants are run-of-river schemes. These types of 
hydropower use Cross-flow, Pelton, or Kaplan turbines. The selection of the turbine type depends on the 
head and flow rate of the river, as visible in Figure 5. In Ethiopia, Francis turbines are the most common type 
of energy conversion machine adopted, while Kaplan turbines have found no current application. 
 
For high heads and small flows, Pelton turbines are used, in which water passes through nozzles and strikes 
spoon-shaped buckets arranged on the periphery of a wheel. A less efficient variant is the cross-flow turbine. 
These are action turbines, working only from the kinetic energy of the flow.  
 
For low heads and large flows, Kaplan turbines, a propeller-type water turbine with adjustable blades, 
dominate. Kaplan and Francis turbines, like other propeller-type turbines, capture the kinetic energy and 
the pressure difference of the fluid between entrance and exit of the turbine. Francis turbines are the most 
common type, as they accommodate a wide range of heads (20 m to 700 m), small to very large flows, a 
broad rate capacity and excellent hydraulic efficiency. 
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Figure 5: Hydropower turbine application chart (ref. 5) 

The capacity factor achieved by hydropower projects needs to be looked at somewhat differently than for 
other renewable projects. It depends on the availability of water and the purpose of the plants whether for 
meeting peak and/or base demand. The average capacity factor of hydropower plants settled at 48% in 
2010-2019 (world figures), with a significant standard deviation across geography (Figure 6). 
 

 
Figure 6: Total installed cost, capacity factor, LCOE for hydropower in the world. Blue areas represent the standard 
deviation from the average (ref. 6). 

Input 
The water from either reservoir or run-of-river having certain head [m] and flow rate [m3/s]. 
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Output  
Electricity. 
 
Typical capacities 
Hydropower systems can range from tens of Watts to hundreds of Megawatts. Currently up to 900 MW per 
unit (ref. 7). According to the local case data received, the expected plant capacity for future plants in 
Ethiopia is expected to have a wide range (5 to over 1000 MW). 
 
Ramping configurations 
Hydropower helps to maintain the power frequency by continuous modulation of active power, and to meet 
moment-to-moment fluctuations in power requirements. It offers rapid ramp rates and a broad operational 
regime, making it very efficient to follow steep load variations or the intermittent power supply of renewable 
energy such as wind and solar power plants. 
 
Advantages/disadvantages 
Advantages: 
ω Hydropower is a clean source, as it doesn't pollute the air. 
ω Hydropower is a domestic source of energy.  
ω Hydropower is a renewable power source. 
ω (ÙÄÒÏÐÏ×ÅÒ ×ÉÔÈ ÓÔÏÒÁÇÅ ÉÓ ÇÅÎÅÒÁÌÌÙ ÁÖÁÉÌÁÂÌÅ ÁÓ ÎÅÅÄÅÄˊ ÏÐÅÒÁÔÏÒÓ ÃÁÎ ÃÏÎÔÒÏÌ ÔÈÅ ÆÌÏ× ÏÆ ×ÁÔÅÒ 

through the turbines to produce electricity, which provides flexibility to the system.  
ω Hydroelectric energy offers grid support in case of major electricity outages, given their ability to ramp 

up in a short time. 
ω Hydropower facilities have a long service life, which can be extended indefinitely, and further 

improved. Some operating facilities in certain countries are 100 years and older. This makes for long-
lasting, affordable electricity. 

ω Other benefits may include water supply, irrigation, and flood control. 
ω Hydropower is quite safe as there is no combustion of fuel involved. 
ω Hydropower plants do not require a lot of staff, and maintenance costs are usually low. 
ω Impoundments offer a variety of recreational activities such as fishing and boating. 

 
Disadvantages: 
ω Fish populations can be impacted if fish cannot migrate upstream past impoundment dams to 

spawning grounds or if they cannot migrate downstream to the ocean. 
ω Hydropower can impact water quality and flow. Hydropower plants can cause low dissolved oxygen 

levels in the water, a problem that is harmful to riverbank habitats. 
ω Hydropower plants can be impacted by drought. When water is not available, the hydropower plants 

can't produce electricity. 
ω Hydropower plants can be impacted by sedimentation. Sedimentation affects the safety of dams and 

reduces energy production, storage, discharge capacity and flood attenuation capabilities. It increases 
loads on the dam and gates and damages mechanical equipment. 

ω New hydropower facilities impact the local environment and may compete with other uses for the land. 
Those alternative uses may be more highly valued than electricity generation. Humans, flora, and fauna 
may lose their natural habitat. Local cultures and historical sites may be impinged upon. 

ω Even though hydropower is a flexible renewable energy source there are often limits to the flexibility 
caused by irrigation needs and other needs. 

ω Hydropower plants have a high initial cost, requiring investors that can finance the plant.  
ω There is a limited amount of areas that are suitable for dam construction and/or where hydraulic head 

is big enough to justify a project. Often hydropower plants are located far from big aggregate loads 
(cities), which might require additional expenditures for grid development/strengthening.  
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ω Dams can cause the settlements to move should these be in proximity of the flooded area. 
ω In many hydro plants across the globe, eutrophication leads to potential methane emissions. 

 
Environment 
Environmental issues identified in the development of hydropower include: 

¶ Safety issues: Hydropower is very safe today. Losses of life caused by dam failure have been very rare 
in the last 30 years. The population at risk has been significantly reduced through the routing and 
mitigation of extreme flood events. 

¶ Water use and water quality impacts. The impact of hydropower plants on water quality is very site 
specific and depends on the type of plant, how it is operated and the water quality before it reaches the 
plant. Dissolved oxygen (DO) levels are an important aspect of reservoir water quality. Large, deep 
reservoirs may have reduced DO levels in bottom waters, where watersheds yield moderate to heavy 
amounts of organic sediments. 

¶ Impacts on migratory species and biodiversity; Older dams with hydropower facilities were often 
developed without due consideration for migrating fish. Many of these older plants have been 
refurbished to allow both upstream and downstream migration capability. 

¶ Implementing hydropower projects in areas with low or no anthropogenic activity. In areas with low or 
no anthropogenic activity the primary goal is to minimize the impacts on the environment. One 
approach is to keep the impact restricted to the plant site, with minimum interference over forest 
domains at dams and reservoir areas, e.g., by avoiding the development of villages or cities after the 
construction periods. 

¶ Reservoir sedimentation and debris. This may change the overall geomorphology of the river and affect 
the reservoir, the dam/power plant, and the downstream environment. Reservoir storage capacity can 
be reduced, depending on the volume of sediment carried by the river. 

¶ Life-cycle greenhouse gas emissions. Life-cycle CO2 emissions from hydropower originate from 
construction, operation and maintenance, and dismantling. Possible emissions from land use related 
net changes in carbon stocks and land management impacts are very small. 

 
Employment  
Generally, a large new hydropower plant (110 MW) project will provide around 2,000 ɀ 3,000 local jobs during 
the construction phase. The kind of jobs expected are technicians, welders, joineries, carpenters, porters, 
project accountants, electrical and mechanical engineers, cooks, cleaners, masons, security guards and 
many others. Of those, about 150 - 200 will continue to work at the facility for operations and maintenance 
(ref. 8). 
 
Research and development 
Hydropower is a very mature and well-known technology (category 4). While hydropower is the most 
efficient power generation technology, with high energy payback ratio and conversion efficiency, there are 
still many areas where small but important improvements in technological development are needed. 

Turbine design 

¶ The hydraulic efficiency of hydropower turbines has shown a gradual increase over the years: modern 
equipment reaches 90% to 95% (Figure 7). This is the case for both new turbines and the replacement 
of existing turbines (subject to physical limitations). 
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Figure 7: Improvement of hydraulic performance over time (ref. 9) 

Some improvements aim directly at reducing the environmental impacts of hydropower by 
developing 

o Fish-friendly turbines 
o Aerating turbines 
o Oil-free turbines 

 

¶ Hydrokinetic turbines; Kinetic flow turbines for use in canals, pipes, and rivers. In-stream flow 
turbines, sometimes referred to as hydrokinetic turbines, rely primarily on the conversion of energy 
from free-flowing water, rather than from hydraulic head created by dams or control structures. Most 
of these underwater devices have horizontal axis turbines, with fixed or variable pitch blades.  

¶ Bulb (Tubular) turbines; Nowadays, very low heads can be used for power generation in a way that is 
economically feasible. Bulb turbines are efficient solutions for low head, up to 30 m. The term ȰBulbȱ 
describes the shape of the upstream watertight casing which contains a generator located on a 
horizontal axis. The generator is driven by a variable pitch propeller (or Kaplan turbine) located on the 
downstream end of the bulb. 

¶ Improvements in civil works; The cost of civil works associated with new hydropower project 
construction can be up to 70% of the total project cost, so improved methods, technologies and 
materials for planning, design and construction have considerable potential (ref. 2). A roller-
compacted concrete (RCC) dam is built using much drier concrete than traditional concrete gravity 
dams, allowing speedier and lower cost construction. 

¶ Upgrade or redevelop old plants to increase efficiency and environmental performance. 

¶ Add hydropower plant units to existing dams or water flows. 
 
 
Investment cost estimation 
The investment cost here is estimated considering local estimated cost for planned plants, international 
data and learning curve approach (discussed in appendix) based on the IEA WEO19. The distinction between 
large and medium over here is considered based on international classification. 
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)ÎÖÅÓÔÍÅÎÔ ÃÏÓÔÓ 
ɍ-53$ΨΦΧίȾ-7Ɏ 

ΨΦΧί ΨΦΨΦ ΨΦΩΦ ΨΦΫΦ 

Catalogues 
Technology 
catalogue for 
Ethiopia 
(2021) 

 
2.4 (large) 

3.7 (medium) 
2.3 (large) 

3.55 (medium) 
2.14 (large) 

3.29 (medium) 

 

Ethiopian 
data Local cases 2.4 (large)  

3.7 (medium) 
   

 

International 
data 

IRENA (2012) 
Africa 

2.16 (large) 
3.24 (medium) 

    

 
Projection  Learning curve 

ɀ cost trend 
[%] 

 100% 96% 89% 

 
The investment cost of hydropower in Ethiopia is based on feasibility studies which might benefit a revision 
to represent more up to date values.  
The cost of hydropower is strongly dependent on the topology of the mountains where it is constructed and 
the hydro resources. Therefore, it is difficult to estimate a standard value for investment costs that can be 
used for new hydropower plants. However, it is highly recommended to take local conditions into account 
when estimating investment costs for hydro plants in energy planning. Furthermore, as hydropower is a 
mature technology the expected cost reduction is relatively conservative. In addition to that it is difficult to 
separate out how some specific improvements might impact the overall cost especially after considering the 
fact that most of the best locations for hydro are probably already exploited. 
 
Examples of current projects 
Ethiopia is endowed with a significant hydropower potential. Eight major river basins are present in the 
country, with a potential of over 48 GW (Ministry of Water, Irrigation and Energy, 2019). Some plant types 
are currently not installed in Ethiopia, e.g., pumped hydro storage and below-1MW hydro facilities (mini, 
micro and pico hydropower).  
 
Hydropower is responsible for most of the electricity production in Ethiopia. Hydro plants have been a part 
of the system for a very long time with Abs Samuel commissioned in 1931 and still under operation. The 
other plants currently operational in the system are Awash II and III, Beles, Fincha, Finchaa Amerti Neshe, 
Genale Dawa III, Gibe I, II and III, Koka, Maleka Wakana, Tekeze I, Tis Abay I and II with a total installed 
capacity of around 4068 MW ɀ Figure 8 shows the location of the hydropower plants on the Ethiopian map. 
These plants are installed in locations with flow rates ranging from 18 to over 1000 m3/s and rated head 
ranging from 46 m to over 500 m, highlighting the wide range of resource locations available in Ethiopia. 
Furthermore, for plants like Fincha, Finchaa Amerti Neshe and Gibe II the rated head is ~500m warranting 
the use of Pelton turbines. The other plants have Francis turbines. 
 
Currently in Ethiopia there are two mega hydroelectric projects under construction. Koysha Hydroelectric 
Project is one of these two projects under construction. It consists of a roller compacted concrete (RCC) dam, 
necessary to impound approximately 6 billion cubic meters of water. The plant will generate electricity by 
using eight Francis turbine units, 270 MW each, making the total installed capacity 2,160 MW and total rated 
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discharge of 1,536 m3/s. The project is expected to have a total cost of 2.8 billion USD and will be 
commissioned by 2023. 
 
The Grand Ethiopian Renaissance Dam (GERD) is the other Hydro power project under construction 
consisting of a roller compacted concrete (RCC) dam and a rockfill saddle dam, necessary to impound 
approximately 63 billion cubic meters of water. It will have an installed capacity of 5,150 MW at a total cost 
of 3.7 billion USD and will be commissioned in three phases by 2024. 
 
Additionally, there are plans to have a total installed capacity of 9300 MW from candidate hydro power 
plants like Beko Abo, Geba 1 and 2, Genale 6, Genale 5, Dabus, Birbir Werabesa + Halele, Tams, Baro 1 and 
2, Genji, Wabi Shebele, Karadobi, Upper Mendaya, Chimoga yada and Diedesa. These will potentially be 
commissioned between 2026-2030. GERD and Koysha are special cases due to the size of the projects. The 
cost for the other candidate projects listed above is comparatively higher with an average estimated 
investment cost of 2.4 MUSD/MW. 
 

 
Figure 8: GIS map with basin areas in Ethiopia and the locations of hydropower plants 

Norwegian example 
Many current hydro projects around the world are not new plants but upgrades of existing plants. These 
projects can involve including new catchment areas (increasing the yearly generation) or increasing the size 
of the reservoirs and adding turbine capacity. Higher capacity (for the same inflow) can make the plant more 
suitable for peak load which might be needed to balance wind and solar power. One such modernisation 
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and extension project is the Nedre Rossaga station in Norway, which was completed in 2016. In addition to 
modernising the existing turbines, a new power station with an additional turbine unit was installed, 
increasing total installed capacity from 250 MW to 350 MW. 
 
References 
The following sources are used: 

1. International Finance Corporation, Hydroelectric power, 2015. 
2. Department of Energy, USA, www.energy.gov/eere/water/types-hydropower-plants Accessed: 20th 

July 2017 
3. Gil-González, W. et al., Passivity-based control and stability analysis for hydro-turbine governing 

systems, Applied Mathematical Modelling, 68 (2019), pp. 471-486. 
4. IEA, 2012. Technology Roadmap Hydropower, International Energy Agency, Paris, France 
5. Sangal Saurabh et al., Review of optimal selection of turbines for hydroelectric projects, International 

Journal of Emerging Technology and Advanced Engineering, 2013. 
6. IRENA. (2021). Renewable power generation costs in 2020. www.irena.org 
7. General Electric, www.gerenewableenergy.com Accessed: 20th July 2017 
8. United Nations Industrial Development Organization and the International Center on Small 

Hydropower (2016): World Small Hydropower Development Report 2016. 
http://www.smallhydroworld.org/fileadmin/user_upload/pdf/2016/WSHPDR_2016_full_report.pdf 

9. IHA, 2017. Ȱ2017 IHA Hydropower Reportȱ, International Hydropower Association, London, 
Data sheets 
The following pages content the data sheets of the technology. All costs are stated in U.S. dollars (USD), 
price year 2019. The uncertainty is related to the specific parameters and cannot be read vertically ɀ 
meaning a product with lower efficiency does not have the lower price or vice versa. 
 

http://www.smallhydroworld.org/fileadmin/user_upload/pdf/2016/WSHPDR_2016_full_report.pdf


 

 27 

 
 
 

Technology 

Technology

2020 2030 2050 Note Ref

Energy/technical data Lower Upper Lower Upper

Generating capacity for one unit (MWe) 150 150 150 100 2000 100 2000 1,8,10

Generating capacity for total power plant (MWe) 150 150 150 100 2000 100 2000 1,8,10

Electricity efficiency, net (%), name plate 95 95 95 85 97 85 97 A 7

Electricity efficiency, net (%), annual average 95 95 95 85 97 85 97 A 7

Forced outage (%) 4 4 4 2 10 2 10 1

Planned outage (weeks per year) 6 6 6 3 10 3 10 1

Technical lifetime (years) 50 50 50 40 90 40 90 B 1

Construction time (years) 4 4 4 2 6 2 6 1

Space requirement (1000 m
2
/MWe) 62 62 62 47 78 47 78 C 1

Additional data for non thermal plants

Capacity factor (%), theoretical 50 50 50 20 95 20 95 1

Capacity factor (%), incl. outages 46 46 46 20 95 20 95 1,2

Ramping configurations

Ramping (% per minute) 50 50 50 30 100 30 100 3

Minimum load (% of full load) 0 0 0 0 0 0 0 3

Warm start-up time (hours) 0.1 0.1 0.1 0.0 0.3 0.0 0.3 3

Cold start-up time (hours) 0.1 0.1 0.1 0.0 0.3 0.0 0.3 3

Environment

PM 2.5 (gram per Nm
3
) 0 0 0

SO2 (degree of desulphuring, %) 0 0 0

NOX (g per GJ fuel) 0 0 0

CH4 (g per GJ fuel) 0 0 0

N2O (g per GJ fuel) 0 0 0

Financial data                                 

Nominal investment (M$/MWe) 2.40 2.30 2.14 1.80 3.50 1.60 2.67 D,E,F 1,4,5,6,9

 - of which equipment 30% 30% 30% 20% 50% 20% 50% 11

 - of which installation 70% 70% 70% 50% 80% 50% 80% 11

Fixed O&M ($/MWe/year) 18,000 18,000 18,000 13,500 22,500 13,500 22,500 C 1,4,5,6

Variable O&M ($/MWh) 0.65 0.65 0.65 0.49 0.81 0.49 0.81 C 1,5

Start-up costs ($/MWe/start-up) - - - - - - -

References:

1 Data on local cases from EEP

2 Branche, 2011, ñHydropower: the strongest performer in the CDM process, reflecting high quality of hydro in comparison to other renewable energy sourcesò.

3 Eurelectric, 2015, "Hydropower - Supporting a power system in transition".

4 IEA, World Energy Outlook, 2015.

5 Learning curve approach for the development of financial parameters.

6 IEA, Projected Costs of Generating Electricity, 2015.

7 Stepan, 2011, Workshop on Rehabilitation of Hydropower, ñThe 3-Phase Approachò.

8

9Energy and Environmental Economics, 2014, "Capital Cost Review of Power Generation Technologies - Recommendations for WECCôs 10- and 20-Year Studies".

10 General Electric, www.gerenewableenergy.com, Accessed: 20th July 2017

11 ASEAN, 2016, "Levelised cost of electricity of selected renewable technologies in the ASEAN member states".

Notes: 

A This is the efficiency of the utilization of the waters potential energy. This can not be compared with a thermal power plant that has to pay for its fuel.

B Hydro power plants can have a very long lifetime if operated and mainted properly. Hover Dam in USA is almost 100 years old.

C

D

E Investment costs include the engineering, procurement and construction (EPC) cost. See description under Methodology.

F

Prayogo, 2003, "Teknologi Mikrohidro dalam Pemanfaatan Sumber Daya Air untuk Menunjang Pembangunan Pedesaan. Semiloka Produk-produk Penelitian Departement Kimpraswill 

Makassar".

Hydro power plant - 100 to 2000 MW

Uncertainty (2020) Uncertainty (2050)

For 2020, uncertainty ranges are based on cost spans of various sources. For 2050, we combine the base uncertainity in 2020 with an additional uncertainty span based on learning rates 

variying between 10-15% and capacity deployment from Stated Policies and Sustainable Development scenarios separately.

Numbers are very site sensitive. There will be an improvement by learning curve development, but this improvement will equalized because the best locations will be utilized first. The 

investment largely depends on civil work.

Uncertainty (Upper/Lower) is estimated as +/- 25%.
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Technology 

Technology

2020 2030 2050 Note Ref

Energy/technical data Lower Upper Lower Upper

Generating capacity for one unit (MWe) 50 50 50 10 100 10 100 2

Generating capacity for total power plant (MWe) 50 50 50 20 100 20 100 2

Electricity efficiency, net (%), name plate 95 95 95 85 97 85 97 A 1

Electricity efficiency, net (%), annual average 95 95 95 85 97 85 97 A 1

Forced outage (%) 4 4 4 2 10 2 10 1

Planned outage (weeks per year) 6 6 6 3 10 3 10 1

Technical lifetime (years) 50 50 50 40 90 40 90 1

Construction time (years) 3 3 3 2 6 2 6 1

Space requirement (1000 m
2
/MWe) 14 14 14 11 18 11 18 B

Additional data for non thermal plants

Capacity factor (%), theoretical 88 88 88 50 95 50 95 2

Capacity factor (%), incl. outages 84 84 84 50 95 50 95 2,8

Ramping configurations

Ramping (% per minute) 50 50 50 30 100 30 100 3

Minimum load (% of full load) 0 0 0 0 0 0 0 3

Warm start-up time (hours) 0.1 0.1 0.1 0.0 0.3 0.0 0.3 3

Cold start-up time (hours) 0.1 0.1 0.1 0.0 0.3 0.0 0.3 3

Environment

PM 2.5 (gram per Nm
3
) 0 0 0

SO2 (degree of desulphuring, %) 0 0 0

NOX (g per GJ fuel) 0 0 0

CH4 (g per GJ fuel) 0 0 0

N2O (g per GJ fuel) 0 0 0

Financial data                                 

Nominal investment (M$/MWe) 3.70 3.55 3.29 3.00 4.00 2.47 4.12 C,D 2,4,5,6,7

 - of which equipment 30% 30% 30% 20% 50% 20% 50% 7

 - of which installation 70% 70% 70% 50% 80% 50% 80% 7

Fixed O&M ($/MWe/year) 18,000 18,000 18,000 13,500 22,500 13,500 22,500 2,4,5,7

Variable O&M ($/MWh) 0.50 0.50 0.50 0.38 0.63 0.38 0.63 B 1

Start-up costs ($/MWe/start-up) - - - - - - -

References:

1 Stepan, 2011, Workshop on Rehabilitation of Hydropower, ñThe 3-Phase Approachò.

2

3 Eurelectric, 2015, "Hydropower - Supporting a power system in transition".

4 Energy and Environmental Economics, 2014, "Capital Cost Review of Power Generation Technologies - Recommendations for WECCôs 10- and 20-Year Studies".

5 IEA, World Energy Outlook, 2015.

6 IEA, Projected Costs of Generating Electricity, 2015.

7 ASEAN, 2016, "Levelised cost of electricity of selected renewable technologies in the ASEAN member states".

8 Branche, 2011, ñHydropower: the strongest performer in the CDM process, reflecting high quality of hydro in comparison to other renewable energy sourcesò.

Notes: 

A This is the efficiency of the utilization of the waters potential energy. This can not be compared with a thermal power plant that have to pay for its fuel.

B

C

D Investment cost include the engineering, procurement and construction (EPC) cost. See description under Methodology.

Numbers are very site sensitive. There will be an improvement by learning curve development, but this improvement will equalized because the best locations will be utilized first. The 

investment largely depends on civil work.

Data on local cases from EEP

Uncertainty (Upper/Lower) is estimated as +/- 25%.

Hydro power plant - 10 to 100 MW

Uncertainty (2020) Uncertainty (2050)
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2. WIND TURBINES 
 
Brief technology description  
 
The typical large onshore wind turbine being installed today is a horizontal axis, three bladed, upwind, grid 
connected turbine using active pitch, variable speed, and yaw control to optimize generation at varying wind 
speeds.  
 
Wind turbines work by capturing the kinetic energy in the wind with the rotor blades and transferring it to 
the drive shaft. The drive shaft is connected either to a speed-increasing gearbox coupled with a medium- 
or high-speed generator, or to a low-speed, direct-drive generator. The generator converts the rotational 
energy of the shaft into electrical energy. In modern wind turbines, the pitch of the rotor blades is controlled 
to maximize power production at low wind speeds, and to maintain a constant power output and limit the 
mechanical stress and loads on the turbine at high wind speeds. A general description of the turbine 
technology and electrical system, using a geared turbine as an example, can be seen in Figure 9. 
 

 
Figure 9: General turbine technology and electrical system 

Wind turbines are designed to operate within a wind speed range, which is bounded by a low Ȱcut-inȱ wind 
speed and a high Ȱcut-outȱ wind speed. When the wind speed is below the cut-in speed the energy in the 
wind is too low to be utilized. When the wind reaches the cut-in speed, the turbine begins to generate. As 
the wind speed increases, the power output of the turbine increases, and at a certain wind speed the turbine 
reaches its rated power. At higher wind speeds, the blade pitch is controlled to maintain the rated power 
output. When the wind speed reaches the cut-out speed, the turbine is shut down or operated in a reduced 
power mode to prevent mechanical damage. 
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Three major parameters define the design of a wind turbine. These are hub height, nameplate capacity (or 
rated power) and rotor diameter. The last two are often combined in a derived metric called Ȱspecific 
powerȱ, which is the ratio between nameplate capacity and swept area. The specific power is measured in 
W/m2.  
 
The wind turbine design depends on the wind conditions at the site. In the IEC61400-1:2005, the 
International Electrotechnical Commission (IEC) defines three types of wind classes, as reported in Table 3. 
Values in this table should not be considered as point value, but rather representative of a range of possible 
wind speeds. These classes can be further divided into turbulence class A, B, and C. This is based on 
turbulence intensity, which quantifies how much the wind varies typically within 10 minutes. 
 

Table 3: Wind site classification according to the IEC. 

 Class I (High wind, 
HW) 

Class II (Medium wind, 
MW) 

Class III (Low wind, 
LW) 

Average annual wind speed at hub height 
[m/s] 

10 8.5 7.5 

50-year extreme wind speed over 10 
minutes [m/s] 

50 42.5 37.5 

50-year extreme wind speed over 3 
seconds [m/s] 

70 59.5 52.5 

 
The turbine design differs consistently depending on the type of wind resource. At low wind (LW) sites, 
turbines are generally taller and sweep a larger area. In other terms, they are characterized by taller hubs 
and a smaller specific power. This way, turbines access higher wind speeds (the wind speed increases with 
height above ground) and manage to convert more wind power into electricity. In fact, the wind power 
picked up by the turbine is proportional to the swept area A and the third power of the wind speed v: 
 

ὖ πȢυϽ”ϽὃϽὺ 
 
ʍ being the air density. The real electric power delivered to the grid is affected by mechanical and electrical 
conversion efficiencies. With a different turbine design, LW turbines can reach an annual production 
comparable to that of HW turbines which, on the contrary, are physically smaller. Advancements in the 
design of Class III wind turbines allow less windy sites to also be considered for the development of wind 
projects. 
 
Onshore wind turbines can be installed as single turbines, clusters or in larger wind farms. Commercial wind 
turbines are operated unattended and are monitored and controlled by a supervisory control and data 
acquisition (SCADA) system. 
 
The arrangement of the technical requirements within grid codes varies between electricity systems. See 
ref. 16 and 17. However, for simplicity the typical requirements for generators can be grouped as follows: 
 

¶ Tolerance - the range of conditions on the electricity system for which wind farms must continue to 
operate 

¶ Control of reactive power - often this is related to voltage control requirements in the network 

¶ Control of active power 

¶ Protective devices 

¶ Power quality. 
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According to Solar and Wind Energy Resource Assessment (SWERA) conducted by Hydrochina in July 2012, 
Ethiopia has roughly 1000GW of wind potential. However, only a part of this resource could be exploited for 
on-grid applications. 
 
Unlike the Solar PV farms, the Wind farms require intensive data collection and E & S impact assessment 
works. Keeping this in mind, EthiÏÐÉÁȭÓ Ministry of Water, Irrigation and Electricity of Ethiopia (MOWIE), 
World Bank and Danish Government have set up partnership to launch Accelerating Wind Power Generation 
in Ethiopia program. The main targets for this program are to ensure availability of high quality wind 
resource assessments at a number of prioritized sites, assist collection of high quality wind resource data 
national using the 17 installed masts. These activities are aimed at enabling the participation of private 
developers in addition to the government for the preparation of bankable wind energy IPP auctions. As a 
part of this activity the World Bank Group (WBG) and the Danish Government have been providing technical 
support by assisting in the analysis and verification of wind measurements by screening potential wind farm 
sites suitable for auction processes. Nine sites have been identified for further investigation.  
 
Input 
The input is wind. Cut-in wind speed is 3-4 m/s. Rated power generation wind speed is 10-12 m/s. Cut-out or 
transition to reduced power operation occurs at wind speed around 22-25 m/s.  
 
The annual energy output of a wind turbine is strongly dependent on the average wind speed at the turbine 
location. The average wind speed depends on the geographical location, the hub height, and the surface 
roughness. Hills and mountains also affect the wind flow, and therefore steep terrain requires more 
complicated models to predict the wind resource, while the local wind conditions in flat terrain are normally 
dominated by the surface roughness. Also, local obstacles like forest and, for small turbines, buildings and 
hedges reduce the wind speed as do wakes from neighbouring turbines. Furthermore, factors like the high 
altitude range (with various locations being above 2000m) and thin air at these higher altitudes, need to be 
accounted for in the wind turbine selection and design. 
 
The Eastern part of Ethiopia has a good wind resource (low to medium-wind sites). An annual wind speed of 
6-7 m/s at 100m above ground (low to medium-wind site) is usually considered the minimum threshold for 
the feasibility of a wind project (alternatively, power densities around 250 W/m2 at hub height). Some areas 
in the Eastern part of Ethiopia are endowed with a wind resource greater than 9 m/s at 100m height above 
ground (Figure 10). These areas are characterized by a reasonably flat, clear terrain and little vegetation. 
 
Table 4 reports wind speed data at hub height (where available) for the existing and under development 
wind projects in Ethiopia. 
 

Table 4: Wind speed and hub height of existing wind projects in Ethiopia. 

Site Capacity 
[MW] 

Hub height 
[m] 

Wind speed at 
hub height [m/s] 

Investment Cost 
[M$/MW] 

Status 

Aysha 120 80 8.9 2.14 Committed 

Adama1 51   2.29 Existing 

Adama2 153 70 9.5 2.25 Existing 

Ashegoda 120 70-80 8.5 2.08 Existing 

Assela 100 84 8.4 1.44 Committed 
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Figure 10: Wind resource at 100m above ground level in Ethiopia (ref. 23). 

Output  
Electricity. The relationship between input (wind speed) and output (electricity) is given by power curves, 
which are part of the manufacturerȭs catalogue. An example is shown in Figure 11, where the cut-in, rated 
and cut-out speeds are also indicated.  
 
Wind measurements for at least 1 year should be taken to predict generation at a site, along with considering 
its validity in the long-term. Measurements should be at the same height above ground as the predicted 
nacelle height. 
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Figure 11: Power curve for a typical wind turbine. Instead of the traditional cut-out curve, some turbines have a gradual 
cut-out curve (dashed line). 

Typical capacities 
Wind turbines can be categorized according to nameplate capacity. At the present time, new onshore 
installations are in the range of 2 to 6 MW (ref. 16). 
 
Two primary design parameters define the overall production capacity of a wind turbine. At lower wind 
speeds, the electricity production is a function of the swept area of the turbine rotor. At higher wind speeds, 
the power rating of the generator defines the power output. The interrelationship between the mechanical 
and electrical characteristics and their costs determines the optimal turbine design for a given site.  
 
The size of wind turbines has increased steadily over the years (Figure 12). Larger generators, larger hub 
heights and larger rotors have all contributed to increase the electricity generation from wind turbines. 
Lower specific power improves the capacity factor (that is, the yearly energy yield), since power output at 
wind speeds below rated power is directly proportional to the swept area of the rotor (see above).  
 
However, installing large onshore wind turbines requires well developed infrastructure to be in place, to 
transport the big turbine structures to the site. If the infrastructure is not in place, the installation costs are 
much higher, and it might be favourable to invest in smaller turbines that the existing infrastructure can 
manage. However, there are cases where such infrastructure is built together with the project, e.g., 6ÅÓÔÁÓȭ 
Lake Turkana Wind Power project in Kenya where small turbines (52 m) were used (ref. 15). 
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Figure 12: Evolution of rotor diameter and rated power in 2010-18 (world figures). Source: own elaboration from ref. 12. 

 
Ramping configurations 
Electricity production from wind turbines is highly variable because it depends on the actual wind resource 
available. Therefore, the ramping configurations depend on the weather situation. In periods with low wind 
speeds (less than 4-6 m/s) wind turbines cannot offer ramping regulation, except for voltage regulation. 
 
With sufficient wind resources available (wind speed higher than 4-6 m/s and lower than 25-30 m/s) wind 
turbines can always ramp down and - in many cases - also up, provided that the turbine is running in power-
curtailed mode (i.e., with an output which is deliberately set below the potential output based on the 
available wind resource). 
 
In general, a wind turbine will run at maximum power according to the power curve and up ramping is only 
possible if the turbine is operated at a power level below the actual available power. This mode of operation 
is technically possible, and, in many countries, turbines are required to have this feature. However, it is rarely 
used since the system operator will typically be required to compensate the owner for the reduced revenue 
(ref. 2). 
 
Generation from wind turbines can be regulated down for grid balancing. The start-up time from no 
production to full operation depends on the wind resource available. 
 
Some types of wind turbines (DFIG and converter based) also have the ability to provide supplementary 
ancillary services to the grid such as reactive power control, spinning reserve, inertial response, etc. 
 
 
Advantages/disadvantages 
Advantages: 

+ 3.87 m/year

+ 0.12 MW/year
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¶ No emissions of local pollution from operation. 

¶ No emission of greenhouse gasses from operation. 

¶ Stable and predictable costs due to low operating costs and no fuel costs. 

¶ Modular technology allows for capacity to be expanded according to demand, avoiding overbuilds 
and stranded costs. 

¶ Short lead time for construction compared to most alternative technologies. 

¶ Land required for wind farms can be used for activities like agriculture between the towers. 

 
Disadvantages: 

¶ Land use:  
o Wind farm construction may require clearing of forest areas. 
o High population density may leave little room for wind farms. 

¶ Variable power production 

¶ Due to the uncertainty of future wind speed forecast of generation can be a challenge. These 
forecasts are needed for better operation and planning of the power grid. 

¶ Moderate contribution to firm capacity provision compared to thermal power plants. 

¶ Need for regulating power. 

¶ Visual impact and noise. 

¶ Endangerment of animal species affected by the turbine/farm erection. 

 
Environment 
Wind energy is a clean energy source. The visual impact of wind turbines is an issue that creates some 
controversy, especially since onshore wind turbines have become larger. Another issue in some cases is 
flickering, which is generally managed through a combination of prediction tools and turbine control. 
Turbines may in some cases need to be shut down for brief periods when flickering effect could affect 
neighbouring residences. However, this is not an issue in remote areas. 
 
Noise is generally dealt with in the planning phase by accounting for sufficient distance between housing 
areas and the wind turbines installed. Allowable sound emission levels are calculated based on allowable 
sound pressure levels at neighbours. In some cases, it is necessary to operate turbines at reduced rotational 
speed and/or less aggressive pitch setting to meet the noise requirements. However, there is a need to have 
regulations for the noise levels, which is not the case in most countries. 
 
The environmental impact from the manufacturing of wind turbines is moderate and is in line with the 
impact of other normal industrial production. However, most wind projects require an environmental 
assessment to understand the overall impact linked to the erection and operation of the turbine. In addition, 
the mining and refinement of rare earth metals used in permanent magnets is an area of concern (ref. 3,4,5). 
Life-cycle assessment (LCA) studies of wind farms have concluded that environmental impacts come from 
three main sources:  

¶ bulk waste from the tower and foundations, even though a high percentage of the steel is recycled 
(~96% of the weight of the wind turbine generator)  

¶ hazardous waste from components in the nacelle.  

¶ greenhouse gases (e.g., CO2 from steel manufacturing and solvents from surface coatings). 

However, it should be noted that wind energy has a significantly lower energy and carbon payback time (less 
than a year) as compared to most other electricity generation technologies. Energy payback is the period of 
time for which a wind turbine needs to be in operation before it has generated as much electricity as it 
consumes in its lifecycle. Carbon payback is the period of time for which a wind turbine needs to be in 
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operation before it has, by displacing generation from fossil-fuelled power stations, avoided as much carbon 
dioxide as was released in its lifecycle. 
 
Area requirements 
The direct area is the area covered by the installations (turbines and access roads). The total area is the areas 
of the field. Wind farms can cover a large area. With a distance between turbines of 6-8 times the rotor 
diameter, the total area of a wind farm is in the order of 0.2 m2/W. However, after installation more than 
90% of the total area can still be used, e.g., for agricultural purposes. This gives a direct area < 0.02 m2/W. 
 
The NREL report (ref. 18) features a detailed discussion on challenges related to defining the footprint areas. 
Values for specific projects depend on turbine capacity and wind resources. 
 
Employment  
In India, a total instalment of 22,465 MW onshore wind power, as of 2014, has resulted in an employment of 
around 48,000 people, meaning that an installed MW of wind power generates around 2.1 jobs locally in 
onshore wind power (ref. 7, 8). The 300 MW Lake Turkana onshore wind project in Kenya is employing 1,500 
workers during construction and 150 workers at the operational state, of whom three quarters will be from 
the local communities, thus generating 0.5 long-term jobs per MW (ref. 14). 
 
Figure 13 illustrates the distribution of direct employment in different industries related to wind power in 
Europe. Figures almost double when considering indirect employment. Service providers include 
transportation of equipment, engineering and construction, maintenance, research and consultancy 
activities, financial services. 
 

 
Research and development 
The wind power technology is a commercial technology, but subject to sizeable technical improvements 
and cost decreases (category 3). The R&D potential is linked to (ref. 3, 9): 
 

Figure 13: Direct employment by type of company based on wind farm projects in Europe (ref. 6). 
































































































































































































































