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Abstract 
 

The growing environmental awareness and simultaneous increase in electricity consumption calls 

for cleaner production methods. With the help of effective energy storage techniques, more 

sustainable electricity production methods can be used. In the current market hydropower is the 

most mature renewable energy storage technology and stands for 16.3% of the world’s total 

electricity production.  

Hydropower is heavily dependent on water resources and the construction projects can cause 

different negative impacts. The objective of this paper is to give an overview of the factors of 

effect hydropower projects can give. The consequences are divided into three categories: 

environmental, social and economic.  

Two different cases are going to set the basis of the discussion, the market in an already developed 

country such as Norway and a fast developing market that can be found in China. The scenarios 

are very different from each other because of their diverse backgrounds. One of the key learnings 

is the importance of assessing every hydropower project individually depending on its unique 

situation and at the same time use learnings from previously completed projects with similar 

profiles. 

As technology advances, better solutions for the current problems are going to be developed and 

better hydropower project planning will evolve it into an even more sustainable energy source. 

Hydropower is and will continue to be a competitor in the electricity market.  
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Sammanfattning 
 

I det moderna samhället finns det ett växande intresse för bevarandet av miljön. Samtidigt ökar 

konsumtionen av elektricitet konstant. För att detta ska vara hållbart utvecklas ständigt nya 

metoder av miljövänligare elektricitetsproduktion. Energilagringstekniker gör det möjligt att 

tillämpa tekniker såsom sol- och vindkraft effektivt. I dagsläget står vattenkraft för 16.3% av den 

globala elektricitetsproduktionen och står för den största andelen av producerad förnybar energi i 

världen.  

Eftersom vattenkraft är starkt beroende av tillgången på vattendrag och specifik terräng kan det 

orsaka negativ påverkan på omgivningen. Målet med denna rapport är att ge en överblick av de 

faktorer som kan påverka effekterna av vattenkraftverk. Konsekvenserna är indelade i tre 

kategorier: miljömässiga, social påverkan och ekonomiska effekter.  

Två olika vattenkraftsmarknader sätts som grund till diskussionen. Norge som är ett välutvecklat 

land med en mycket mogen vattenkraftsmarknad och Kina som är ett snabbt utvecklande land 

utan ett stabilt system ännu för hur vattenkraft ska hanteras. Länderna har bland annat helt skilda 

ekonomiska och sociala bakgrunder vilket gör de mycket olika och intressanta att jämföra. En 

viktigaste lärdom är den starka betydelsen att bedöma varje vattenkraftsprojekt individuellt men 

samtidigt ta lärdom av tidigare likartade utförda projekt. 

Med teknikens framgång kommer förbättrade lösningar för nuvarande problem att utvecklas. Både 

tekniska lösningar och mer raffinerad projektplanering kommer göra vattenkraft till en ännu mer 

miljömässigt hållbar energikälla. Vattenkraft är och kommer fortsätta vara en mycket betydelsefull 

teknik på elektricitetsmarknaden.  
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1 Introduction 
 

Environmental issues such as global warming and exploitation of natural biological habitats have 

in recent years been acknowledged by the world. The realization that the usage of fossil fuels is 

not a sustainable solution to the planet's energy needs has driven the search of renewable energy 

solutions for the future.  

Energy storage includes technologies that in some way handles energy between the primary energy 

producers and the user. It somehow contains energy to later be converted into a desired energy 

form, such as electricity or heat.  

1.1 Electricity usage in the world 

 

Electricity has in recent years become something that is used in everyday lives and associated with 

developed countries. To be able to continuously consume this amount of energy changes must be 

made in the way we produce electricity.  

As seen in the figure 1, the consumption of electricity is constantly growing. From consuming 4.7 

GWh in 1973 to a massive 19.5 GWh in 2013 is a growth of over 380% in 40 years. The yellow 

part of the table represents electricity used for agriculture, residential use, commercial and public 

services together with some non-specified other [1]. One of the reasons to why the consumption 

has increased so heavily is because of the fast urbanisation and development of the commercial 

grid that is connected to every household.  

 

Figure 1 Total final world electricity consumption from 1971 to 2013 by sector [Mtoe] [1] 

In every residential home, some sort of temperature regulator is needed, usually powered by 

electricity. Thus, heating and cooling is a large part of private electricity consumption along with 

lighting. Industries of all types consume large amounts of electricity and the consumption naturally 

grows as technology develops. There are many promising sustainable electricity production 



   
 

7 
 

alternatives that are being developed, therefore it seems reasonable that the industry will continue 

to consume rather than using other ways than electricity to power machines and processes.  

If we are to continue ever-increasing amounts of energy, alternative ways of producing electricity 

that are independent from limited resources, must become commercialised and globally used. At 

the moment, a major part of the total electricity production is still done through burning fossil 

material which is a finite resource and thus the world should strive to be independent from them. 

Figure 2 shows the distribution of energy sources used for electricity generation. Fossil fuels such 

as coal and oil are still the dominant sources. The red sector includes amongst others, geothermal, 

solar and wind [1].  

 

Figure 2 World electricity generation from 1971 to 2013 by fuel [TWh]) [1] 

It is interesting that it is called energy "consumption" which indicates that energy is something that 

is produced or harvested to later be consumed and therefore disappear. This is a common 

misconception, the reality is that energy cannot be produced nor consumed, it is simply converted 

into different types of energy. There is electrical, thermal, chemical, electromagnetic and 

mechanical energy. When warming our homes electricity is converted into heat in the radiators. 

When producing electricity, solar energy or mechanical energy from water flows is transformed 

into electrical energy with the help of turbines, solar cells and other mechanics. In this report, only 

energy storage methods that are included in electricity production systems are covered in order to 

reduce the scope. 

1.2 Distinguishing between electricity production and storage 

 

In order to avoid any confusion it is important to separate the two concepts of production and 

storage. If electricity production would be seen as a regular production chain where raw material 

is sourced, distributed to sellers and lastly being sold to end-consumers then energy storage is 

present in between the stages. The production itself only happens in the initial stage where 

different types of energy is converted into another usable form of energy, such as electricity. The 

function of energy storage on the other hand is to preserve energy to be used at a later time or in 

another location.  
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When discussing the matter of energy storage topics such as solar and wind power often emerges. 

This is because of the particular needs of energy storage for these sustainable electricity production 

methods to function and perform efficiently. Solar and wind power can be seen as a method of 

electricity production that is in special need of energy storage options.  

1.3 Issues and obstacles for sustainable energy storage 

 

One of the main issues with sustainable energy at the moment is that it is difficult to convert 

energy on demand with the natural usage fluctuations of the energy system.  There are differences 

of energy demand from day time to night time but also throughout the seasons of the year. This 

problem has been stated by many, for example the Swedish organisation Miljönytta emphasises 

the importance of a supportive system that evens out and balances the energy supply [2]. A. 

Huggins believes that since the acquisition of energy is not synchronised with the demand of it, a 

sort of buffer or energy storage method is required to make the energy systems more efficient [3]. 

He also says it is crucial to take the relationship between different energy suppliers and the various 

energy usages into consideration when trying to introduce more effective use of energy.  

One factor that is of high importance when it comes to choosing the method of producing 

electricity is economy. In the current state of the market, the method with the lowest price is 

favoured despite the growing awareness of environmental issues. It is therefore crucial for the 

research front to make the conversion and storage of sustainable energy resources more cost 

effective and therefore be more attractive to the market. Storing energy costs money, which is the 

central economical issue. Especially the need to store over-capacity energy to input into the net 

during periods of high demand.  

The thought behind many energy storage methods is to utilize the periods of low demand where 

electricity prices are less expensive and store that energy. This way, electricity usage would be more 

efficient and it would also be more economically beneficial for the customers.  

Every energy storage method has its own set of issues dependent on who the customers are. Some 

are limited by topographic properties and others are purely limited by current technology and 

knowledge. A brief overview of the most common energy storage options and their corresponding 

sustainable energy source are presented below.  
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2 Current methods of energy storage – an overview 
 

The methods used for energy storage are mainly divided into two groups depending on the output 

of the storage. One leads to electricity to another energy system and the other one gives energy in 

the form of heat, so-called thermal energy. This paper is going to be focused on energy storage 

techniques that outputs electricity.  

 

2.1 Hydropower 

 

The currently most developed and widely used form of renewable energy in the world is 

hydropower. 16.3% of the total world’s electricity production is provided by hydropower and it 

stands for around 85% of the global production of renewable electricity [4]. There are different 

kinds of hydropower but they all use the same technical principle. It utilizes the gravitational force 

of flowing water to derive electricity from turbines and it is relatively simple to control the amount 

of water that flows through to meet both peak and base loads.  

There are different types of hydropower methods that are designed to meet different needs 

depending on what is required of it. There are larger scale power stations that provide electricity 

for more substantial energy systems such as reservoir hydropower plants where vast volumes of 

water is contained in an either man-made reservoirs or natural lakes. From there, electricity can be 

produced on demand. Another well-established example is pumped storage plants that consists of 

two reservoirs located on different height levels as shown in figure 3. During high demand it 

functions as a regular hydropower plant but during low loads, nights or weekends when the 

electricity costs also are low, a pump takes electricity from the grid and uses it to transfer water 

back to the upper reservoir [5].  

 

Figure 3 Pumped-hydro storage with upper reservoir leading to a river [6] 
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The most common type of small scale hydropower are so called run-to-river plants. Here, only 

natural water flows such as streams and rivers are used which limits its flexibility towards meeting 

different electricity demands. Short-term, smaller scale storage is possible depending on the natural 

environment but the capacity often heavily varies with the seasons.  

The potential of hydropower is unevenly spread across the world because of its specific 

geographical requirements. Therefore all countries do not have an equal opportunity for this type 

of electricity production. The top 5 countries that produce electricity through hydropower are 

China, USA, Russia, Brazil and Canada. These are all large countries with suitable terrain. 

According to IEA, the International Energy Agency, it is estimated that only 19% [4] of the global 

hydropower potential has been developed so far which indicates the immense potential for future 

development.  

Even if hydropower is the currently leading method of sustainable energy storage there are still 

many problems that surface when planning a new power plant project. Social and environmental 

issues along with economical limitations are all obstacles. It is interesting to see how these 

problems can be solved or avoided to be able to utilize this natural source of energy. Hydropower 

will be further discussed in chapter 4.   
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2.2 Compressed Air Energy Storage, CAES 

 

CAES builds on the simple principle of using energy to compress air and therefore contain energy 

in it. The air is stored in large underground caverns. When energy is needed the compressed air is 

heated up and expands. When later let out through turbines it generates electricity, figure 4 shows 

the basic function. CAES is similar to hydro power when it comes to application and storage 

capacity. The technology is not as well developed yet, there are only a handful of fully functional 

stations but in the near future it is considered a realistic alternative and competitor of hydropower 

in the electricity market [7].  

 

Figure 4 Schematic figure of how CAES works [8] 

One of the largest issues with CAES is the heat that is generated when compressing air often gets 

lost while heat is required to expand the air again later when electricity is needed. There are a few 

methods that are designed to try to deal with this problem, adiabatic, diabetic and isothermal 

storage, none of them are fully efficient yet (adiabatic and diabetic around 70%). Research is 

ongoing and new ways to push the efficiency are constantly being tried out [9].  

Compressed air energy storage is often discussed alongside wind power. They are a somewhat 

perfect match since wind power generates instant electricity that needs to be stored if it is 

demanded at a later time and CAES needs electricity to compress air that wind power can give. 

The problem that remains is the cost efficiency compared to coal generated electricity or other 

cheap production [10]. 
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2.3 Batteries 

 

The aforementioned methods are currently only used to support a large electricity network, there 

are also solutions to smaller scale usages, foremost storage options for mobile and portable devices. 

Looking at technology development around the world there is an increasing interest in mobile 

devices that all require some sort of energy storage to be able to function as portable. Therefore, 

it is interesting to see what the options are at the moment and what techniques can be appealing 

for the future.  

Batteries are the most widely used energy storage technique in everyday gadgets but they also have 

stationary applications. They are used in everything from wrist watches and children’s toys to large 

energy facilities. Batteries are differentiated by properties such as, cost, material, lifespan, power 

density and performance under different temperatures. Each different depending on what 

application they are intended for. The material choice have been changing through the history of 

batteries. New more effective materials are developed to slowly replace the older ones [11].  

History of lead battery usage stretches as far back as year 1859. At the time it was the most cost to 

energy efficient way of storing electrical energy. Nowadays it is still one of the most used and 

versatile options but because of the potentially harming environmental effects of lead, new, even 

more effective batteries are being developed. One of the most significant downsides of lead-acid 

batteries are their spontaneous tendency of failure because of their electrochemical structure. 

Therefore, more reliable batteries with longer life spans are needed to match the technology 

demand [11]. 

The lithium-ion battery is currently considered the one battery with the most potential to meet the 

needs of different applications. Because of the low weight of lithium it has the potential to have 

largest energy density per weight unit which is very significant when it comes to industrial scaled 

batteries [12]. Lithium-ion batteries can also easily be recharged which is a much desired property 

for large electricity grid applications. The batteries were not originally designed for these extensive 

systems but with today’s technology it might be possible. The lifespan and cost per battery are still 

problems that needs to be solved in order to compete with other energy storage options [13].  

Two of the most interesting areas of application for batteries in today’s technology are within the 

hybrid electrical vehicle (HEV) market and the photovoltaic (PV) solar market. Because of the 

increasing price of fuel and attention to air pollution the HEV market has been growing and the 

PV market has a very high demand of efficient batteries to store electricity. PV systems are 

currently mostly using lead-acid batteries that have a high upkeep cost due to their tendency for 

failure. In order to integrate into the present energy grid the batteries used for PV solar power 

needs to meet certain requirements that lithium-ion batteries are believed to be able to meet at the 

present time and state of technology.  
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2.4 Flywheels 

 

Flywheels utilises the preservation of kinetic energy in a spinning motion and transforms it into 

electrical power. An almost frictionless rotor converts and stores electrical energy into kinetic 

energy and when electricity is needed it can be extracted easily by reducing the speed of the rotor 

[14]. The basic components of a flywheel are presented in figure 5. It can hold large amounts of 

power but also discharge quickly. The technique is relatively economical because of its simple 

components and its uncomplicated material makes it environmentally friendly.  

 

Figure 5 Basic components of a flywheel [15] 

Flywheels have many applications, it first and foremost excels at short-term storage but there is 

also interesting research about long-term energy storage applications. Two of the most significant 

applications are for automobiles and stabilising energy system grids. One significant advantage 

flywheels have is the short response time which makes them a top candidate in electrical systems 

where there often are rapid changes of the electricity load. This property have led to its possible 

future integration in electrical grids where it functions as the first hand response when operators 

regulate power levels [14]. With flywheels becoming a more mature technique, researchers are 

exploring various options to interconnect them efficiently on larger scales in order to integrate 

electricity to large electricity grids. An example of application within the automobile industry is 

power handling in hybrid cars. Flywheels tolerate frequent high energy charges and discharges 

which is a much sought after quality in the automobile market since it improves performance [16].  

Flywheels are often compared to batteries because of their similarities in function. Both can be 

charged with energy to be converted to electrical energy when needed. Another strength that 

flywheels have is that they do not contain any significant amounts of environmentally harmful 

material.  

 

2.5 Supercapacitors 

 

The theory behind supercapacitors is the same as regular capacitors, it stores energy in the form 

of electrical charge instead of electrochemical storage that batteries use. Regular capacitors are 
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mostly used to store very small amounts of energy, for example used to filter signals and stabilise 

and tune radio signals. The super capacitor has the capability to store thousands of times more 

energy and has very short discharge times which is an important advantage over electro chemical 

batteries. It is also alike flywheels in that it tolerates frequent charges and discharges [17]. With its 

high energy density and other properties it has many favourable traits to compete with the 

traditional battery. 

Super capacitors have many different areas of application. The most common are within the 

vehicle market, power-ride-through applications and short term energy storage in smaller 

electronics. The transportation and logistics market includes private cars, trains and busses which 

is interesting for urban cities around the world. China is currently leading in the research of this 

field and are continuously trying out new models [18]. Super capacitors are still a relatively new 

form of energy storage and is not yet widely commercialised.   

Supercapacitors are of special importance for the future hybrid vehicles. The modern hybrid car 

turns off the engine when the car is not moving at red lights which means that the engine needs 

to be able to efficiently start up after short breaks. Supercapacitors can support these fast charges 

and also tolerate this high energy application which makes them excellent candidates for start-stop 

modules in vehicles. Another applications within the automobile market is to integrate 

supercapacitors with the current batteries in order to even out the energy demands needed for the 

car to function and perform. During lower demands, electricity is stored in supercapacitors to be 

used during high peak demands, where stored electricity gets discharged for usage. A more even 

electricity output for the battery makes it last longer and thus making it more sustainable [19].  

The main issue with super capacitors is how it should be designed for larger scale usage without 

losing its desired electrical properties. Currently, it is considered an excellent complementary 

feature to regular batteries. The combination gives the best of two worlds, fast load cycles and a 

lengthy lifespan with low maintenance [20].  

 

2.6 Hydrogen storage 

 

The reason why hydrogen is desired as a fuel is because of its high energy per mass unit but its 

physical properties contributes to many storage challenges. There are three ways to store hydrogen 

at the moment: physically stored as gas, as liquid or stored on surfaces of other materials. All 

methods require extensive equipment to separate, contain and absorb hydrogen [21]. Because of 

its environmental friendly nature a lot of research is put into these types of projects.   

Hydrogen is a fuel just like oil and gas and alike them it is mostly interesting for the vehicle industry. 

Challenges that are yet to be solved with this type of energy storage is the amount of hydrogen 

you can store at once and also the weight of the storage itself in a vehicle. The cost of hydrogen 

storage is also a major issue [22]. Even with all these problems hydrogen is still considered the 

most sustainable fuel option with the most prospect and therefore the development of hydrogen 

storage is crucial.   
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3 Method 
 

The project work is divided into a set of sub tasks to help reaching the final analysis. Every sub 

task has a set time frame. Margins are also planned in case of unexpected events during the 

project’s time. The overall work pace is summarized in a project plan that acted as the project 

guideline.   

In order to identify existing problems a thorough background research needs to be made. A broad 

foundation and understanding of the subject is essential. This is realized through a detailed market 

research to get a grasp of what is currently available and also what technology is currently being 

researched. For example what types of hydropower are being developed for certain terrains and 

specific customer demands of the area. This can be argued to be the most important step in the 

project as it lays the foundation of every following assumption and argument, therefore a great 

deal of time is spent on this.  

With the research as a foundation, different problems can be identified within the subject. Some 

are more interesting than others because of their validity, importance for the environment or 

potential of development. The scope of the project will here be narrowed down to something 

more focused and the reason for the choice shall be presented. Concrete goals of the project will 

be presented in chapter 3.1. These will be reviewed at the end of the project to see how successful 

it has been.   

When the goal is set and there is a problem at hand, more specific research needs to be made. 

Except for theoretical research, an economical comparison will be made between different 

alternative options which require a closer look into the market state. The results need to be revised 

and analysed carefully. They are presented objectively but discussion will be made based on the 

result’s credibility. Conclusions based on results will be drawn.  

Since energy storage is very closely linked to environmental issues there are also many relevant 

ethical questions involved that will be discussed. With the knowledge gathered it is interesting to 

look at the future of the subject and discuss the prospect and relevance of it.  

Problems that have been encountered during the process shall be mentioned since they can have 

affected the results. It is also important to link the results to the project goals and see if they have 

been reached. Throughout the project a report will be continuously written to document the 

process. This will also be the final and most detailed presentation of the acquired result. 

3.1 Problem description and project objectives 

 

Energy storage plays a crucial role when designing sustainable energy systems. With hydropower 

being the most integrated and widely adopted technique it is interesting to further investigate its 

potential both in the current state of the market and the future.  

Since hydropower plants are so closely tied to the properties of the surrounding environment, 

every possible future hydropower project needs to be fully evaluated individually. There are many 

factors to take into consideration when deciding on what type of hydropower station to build and 
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if it is viable to build one at all. Large reservoirs can possibly affect the whole ecosystem of the 

surrounding area and also the communities around it. Some of these factors are difficult to measure 

and foresee when evaluating the project. One goal of the project is to identify the decisive factors 

and determine how crucial they are depending on the two different market cases presented in 

chapter 5.   

There are also many ethical questions regarding social aspects of hydropower that should be taken 

into consideration. For example how the people who live in the area of the future hydro power 

plant get affected and who actually benefits from the power plants. These questions can be difficult 

to answer but are too important to neglect when discussing hydropower and therefore an objective 

discussion will be made with the presented facts.  

By looking deeper into real cases of hydropower plants we can learn from them by analyzing the 

procedure of realizing a planned hydropower project. Immediate effects such as terrain differences 

and population migration are easier to grasp and understand while long term effects are much less 

predictable. Examples of follow-up effects are changes of biological diversity, efficiency of flood 

control and also the economic impact a hydropower plant will have. Since many of these problems 

directly influence our surroundings and human individuals the question of ethics is of great 

importance.  

Another relevant factor for energy suppliers who consider hydropower is obviously if it is 

economically profitable compared to other alternative methods. This applies to all current 

sustainable energy storing techniques. With the case of hydropower, every project is an investment 

that can be differently straining on the country's economy depending on its situation. Therefore 

an economical profitability comparison will be made between the choice of hydropower plants 

and some other major commercial electricity producing method.   
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4 Hydropower – an in-depth analysis 
 

To clarify, it is important to distinguish the difference between single electricity storage methods 

and whole electricity storage systems. One might think that all electricity storage methods are 

directly comparable but in reality most of them are completely unrelated in terms of application 

although they serve the same purpose and function. Single storage options include methods such 

as batteries and flywheels where electricity is stored in a single device and can be viewed as isolated 

to its environment and connecting modules. These simple electricity storage devices are often only 

viewed as a component within other techniques that are the main focus. Storage systems on the 

other hand include the whole production chain where some sort of electricity storage is used. 

When discussing the matters of electricity production and supply, storage systems are more 

interesting.  

Hydropower is unique in the way that it is not only electricity storage but also the electricity 

production itself. A hydropower plant can directly input electricity into the commercial grid which 

differentiates it from many other energy storage methods. It is in a way more self-sustainable and 

can be more easily compared with commercial electricity production such as coal power plants 

rather than storage methods such as supercapacitors and hydrogen storage. When making 

comparisons it is therefore more interesting to study those major commercial electricity 

production methods rather than smaller energy storage methods. Hydropower is at the moment 

the only mature storage technology that can be used large-scale and is cost-efficient enough to be 

operated commercially and at the same time is energy efficient [23].  

 

4.1 Hydropower capacity and scale  

 

Hydropower plants has the same function as other energy storage methods but the capacity scale 

can only be compared with CAES or other large scale, commercial electricity production methods. 

The table below displays the annual global capacities of some major electricity production sources.  

Table 1. Global annual electricity capacity per method 

Energy source  Global Capacity [GW] Largest power station capacity [MW] 

Coal 1,627 (2012) [24] 5,230 (Taichung Coal Power Station, Taiwan) [25] 

Hydro 1,034 (2013) [1] 18,200 (The Three Gorges Dam, China) [26] 

Wind 432 (2015) [27] - 

Nuclear 372 (2013) [1] 7,965 (Kashiwazaki-Kariwa Nuclear Plant, Japan) [28] 

Solar (Photovoltaic) 150 (2014) [29] - 

Biomass 54-62 (2010) [30] 370-740 (Ironbridge power station, UK) [31] 

 

By doing this comparison it is clear that hydropower belongs to the larger classes and scales of 

electricity production capacity and is not comparable with other small scale energy storage 

technologies that provides for single products or isolated systems. Hydropower is as developed in 

terms of capacity as any major electricity producing method viable on the market today.  
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In the table there is no largest power station set for wind and solar power since these types of 

electricity generation techniques are not usually concentrated in one location like coal or 

hydropower plants. A number of solar panels or wind turbines are connected over a large area to 

grant electricity and the overall generation is instead often counted as a country specific total. As 

the largest provider of electricity, coal has been chosen as a point of reference for non-renewables.   

The International Energy Agency has classified hydropower based on their output per unit 

capacity. Small plants deliver less than 10 MW and medium sized can range from 10-300 MW 

depending if a reservoir or dam is present where those with some sort of water storage has the 

potential of delivering significantly higher capacities. Large hydropower stations has an output of 

over 300 MW [4]. 

 

4.2 Balance between sustainability and environmental disruption 

 

A much disputed ethical dilemma for hydropower is the risk of damaging the environment in order 

to produce so called pure and sustainable electricity. An example of this can be seen in China 

which already has a hydropower market and is continuously exploring and expanding their 

hydropower potential for more environmentally friendly electricity production. One of the 

strongest incentives for China specifically is to reduce the amount of greenhouse gas emissions 

(foremost carbon dioxide CO2) in order to get a cleaner environment. The natural geography of 

China with its many river flows and hilly mountains seems like an ideal place for hydropower. One 

of the two most developed and expanded hydropower plants is in fact located in China on the 

largest river called the Three Gorges Dam. In order for this enormous project to be built an 

estimated one million people have been forced to move away from their homes and around 

another four million people will have to relocate within the next few years because of hydropower 

exploitation [32]. While the reduction of emitted greenhouse gases in the atmosphere will lead to 

better and cleaner air that is a fundamental condition for a healthy population, many individuals 

are instead getting affected locally. The need for cleaner air is a very acute problem in China but is 

it worth all the negative effects? What about long term effects that comes from ruining the natural 

flows of a large river? This is a balance that does not seem to have an absolute ideal ratio, at least 

not realistically. Similar questions can be asked for every hydropower project no matter the scale 

or extent. Does the gained benefits overweigh the negative impacts of operating such a project? 

By viewing problems from different perspectives, various solutions can be explored and answered.  
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5 Case studies 
 

In order to concretize what relation particular problems have with specific situations, two different 

types of hydropower markets are going to be explored. The first case is the Norwegian hydropower 

market and the second takes place in China. These two different countries have variable maturity 

of their hydropower markets. Taking into consideration that the proportion, development and 

interest of hydropower are the most significant defining measures of a market, different unique 

situations can be analyzed concurrently. Comparing a small country like Norway with the giant 

hydropower capacity countries like China might seem inaccurate but can prove to reveal interesting 

findings.  

 

5.1 The Norwegian hydropower market 

 

The first case takes place in a well-developed country with a mature hydropower market. Many 

hydropower plants has already been integrated into the common electricity grid and it is 

functioning effortlessly. In developed countries, the population consists of individuals with a 

generally high living standard. They do not need to concern about basic human needs and one 

might argue that they are more inclined to get involved in environmental issues that matter to the 

individual’s personal life. In developed countries the opinions of the population typically plays an 

important part when deciding in larger issues.  

A great example of this type of scenario is Norway’s hydropower market. Norway is one of the 

countries that has the most of its estimated hydropower potential developed in the world, over 

half of the approximated potential which is a very high count compared to many other countries 

[4]. It has utilized much of the potential and hydropower stands today for an approximate 99% of 

all electricity production in the country but there is still room for further development. 

Technologically, Norway is amongst the leading countries in the world in regards to hydropower. 

[33].  

 

Environmental and social aspects 

 

Large parts of Norway consist of mountain and glaciers and there are many lakes and rivers 

running across the lands so naturally it serves as an excellent candidate for hydropower [34]. The 

available, yet to be developed hydropower potential is estimated to be around 82.8 TWh whereas 

45.5 TWh are located in protected areas. During the industrialization many large hydropower 

plants were built and therefore are small scaled hydropower of stronger interest today [35].  

One of the most significant problems for Norway to solve when developing hydropower was the 

disruption of the salmon population. In the case of the River Alta, there has been a long-term 

reduction in the salmon population in the upper parts of the river. A study was made to compare 

the before and after situation and juvenile salmon were particularly at risk because of their 
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sensitivity to environmental changes which naturally led to a reduced adult population in that area. 

The causes include sudden high water level changes and general environmental changes, especially 

during winter time [36].  

With the advancement of globalisation, digitalisation and urbanisation the recent century 

preserving old natural habitats is becoming increasingly important for people. The awareness and 

desire to protect traditional, native communities and natural habitats grow as they disappear. Again, 

the conflict around the River Alta Hydropower Project around the 1980's in Norway is a great and 

famous example. The river is located in the most northern parts of Norway in the area where the 

indigenous Saami population lives and a very polarized conflict emerged between the national 

authorities and the affected populace and their supporters. The hydropower plant was in the end 

constructed but because of the strong resistance it changed the way Norway handles these types 

of social problems [37]. It led amongst other things to the introduction of Saami Rights for Nordic 

countries which provides security and trust.   

Overall, Norway has a considerably better legislation system for hydropower projects compared 

to other markets. The maturity of its market is without a doubt the reason and Norway can be 

looked upon as a role model to other markets wanting to realize their potential in hydropower.  

5.2 The Chinese hydropower market 

 

The second scenario takes place in a developing country with an estimated high potential of 

hydropower development but with few hydropower plants built so far compared to its estimated 

potential. This setting is very different from the first one. First of all there is a larger social standard 

difference within the population including people living in poorer conditions which also means 

that the political and economic situation is very different from the first scenario.  

China is a great example of a fast developing country with a major fraction of undeveloped 

hydropower potential. Counting raw capacity, China has today the greatest estimated hydropower 

potentials but only 24% of it had been developed in 2008 [4]. China has large river systems to 

support hydropower and have many well developed modern urban cities that consume electricity. 

The huge population might also prove to be a hindrance and it is interesting to see what kinds of 

problems it faces.  

 

Clean electricity vs. environmental and social-economic problems 

 

Because of the serious air pollution problem in China, one of the strongest incentives for 

hydropower development is to produce clean electricity. According to a study made in 2015 at 

over 1,500 locations in eastern China, about 92% of the population were exposed to more than 

120 hours of unhealthy air during a period of four months [38]. With the massive population and 

growing modernization, China is the greatest electricity consumer in the world [39].  

This does not only strain the economic market but also affects the environment and social setting 

around the power plants. To counter this, China has five-year plans targeting specific energy goals, 

for example between 2005 and 2010 the objective was to reduce energy intensity by 20%. This 
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includes making power plants more effective, have less greenhouse gas emissions etc. These goals 

have proven to be hard to achieve due to various reasons [40].  

China has so far mostly put focus on larger scaled hydropower stations even with an increase in 

the exploration of small scaled hydropower. Except for the greater capacity potential, large scale 

plants with reservoirs can also be used for flood control. China is one of the most troubled 

countries in the world in regards to natural disasters including heavy floods around the major river 

systems [41]. In that aspect hydropower seems like a suitable energy alternative that produces 

carbon dioxide emission free electricity and mitigates environmental disasters at the same time.  

On the other side large scale hydropower stations can cause heavy landslides and droughts. These 

are commonly caused by the water storage dams and is a known problem and warning systems 

can be set around large reservoirs like the Three Gorges to supervise any geological changes so 

measures can be immediately taken [42].   

Another issue particular for China is the lack of consideration for the affected people around 

planned hydropower plants. The choice of satisfying the larger electricity consuming population 

or the locally affected people is an understandably tough decision to make. This is the most serious 

social problems with Chinese hydropower development. The lack of sustainable long-term plans 

can severely affect future social states. For example, it is especially hard for farmers to find another 

profession to make a living out of after being relocated. The monetary and property compensations 

are often not sufficient to sustain livelihoods [43]. 

In contrast to the situation in Norway, China has yet to reach a stable market and effective 

hydropower project management even with its already immense capacity. The overall geography 

and terrain type is also different which leads to different environmental consequences.  
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6 Main consequences of hydropower generation 
 

The consequences of hydropower are numerous, and will therefore be sorted into three different 

categorizes depending on what it concerns. They can be viewed as obstacles of developing 

hydropower plants or important issues that need to be addressed. The three different areas of 

concerns are environmental influence, social considerations and economical aspects. Each 

highlighting hydropower in another perspective in the hope of getting a full picture of the issue. 

Consequences of the specific cases presented are used as a basis for general scenarios. This analysis 

will also suggest solutions to encountered problems and what companies should be aware of when 

designing hydropower projects.  

Recognize that there are numerous favorable effects of hydropower as well. Hydropower storage 

plants do not have any direct exhausts that pollutes the closest environment and that is the primary 

reasons why it is considered a sustainable and so called clean electricity producing technology. 

There are also other certain benefits of well-placed hydropower plants such as flood control, 

improved irrigation of nearby agriculture and more self-sustaining electricity supply.  

 

6.1 Environmental influence 

 

Storing large volumes of water leads to the flooding of land and when this happens, natural wildlife 

habitats and forests get destroyed. This of course affects biological diversity in the area. The marine 

ecosystem is particularly troubled since the storage system is in direct contact with water flows. 

Not only does fish get caught in the blades of the turbines but breeding areas get blocked or 

separated and makes it impossible for some species to reproduce. The property of the terrain 

heavily impacts the form of environmental effect and therefore each case has unique 

consequences.  

Landscape changes 

Artificially containing large amounts of water in one place naturally disturbs the river or water 

system in question. Many of the developed hydropower plants in China are primarily built for 

flood control which itself directly leads to the reshaping of landscapes to control natural river 

flows. In the case of the Three Gorges on the great river Yangtze in China, the massive storage 

has led to long droughts, heavily affecting nearby farmers. The water levels in some parts of the 

river is record low and some emergency discharges from the various hydropower reservoirs have 

been issued even though this is not a long-term solution [44]. A drought not only affects agriculture 

but also leads to people not getting fresh drinking water which aggravates the living conditions of 

nearby villages [45].  

The changes of water distribution also increases the risk of landslides on the banks close to 

reservoirs. There were almost 2,500 landslides within the area of the reservoirs between 2002 and 

2010 of which 1,627 were direct consequences of water storage. The China Three Gorges 

Corporation mostly emphasises the security of humans around the area and does not express much 

consideration for the landscape itself. The existing warning system only covers those areas that 
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would be detrimental for the power plant itself and its capacity if being destroyed. One of the key 

benefits of the Three Gorges project is the decrease in greenhouse gas emissions but sooner or 

later there will be other environmental consequences that cannot be overlooked.  

A solution to mitigate these types of landscape impacts can be to use rules and regulations. In 

Norway there is a strict legal framework for hydropower projects in order to ensure a sustainable 

and efficient use of water resources. There are different acts in the law that covers all parts of a 

hydropower project, from the water source to the consumer. A particularly interesting part of the 

framework is the licensing system where project plans need to be approved before anything 

actually is constructed. Systematic control reduces the chances of harmful results and effects for 

interest groups and the environment [35]. 

By giving priority to for example small hydropower projects the authorities can actively promote 

certain types of development and can therefore indirectly direct the trend. Small hydropower plants 

are considered more environmental friendly since they do not impact as large of an area and can 

easily utilize natural or existing reservoirs and dams to efficiently expand the electricity potential. 

Norway is an example of a hydropower market where it is well-integrated into the rest of the 

electricity grid and has a functioning legal framework that mitigates negative impacts in all aspects. 

Many other markets might not have the same favourable conditions as Norway but nonetheless 

can learning be found and utilized in other situations.  

Disruption of fish population 

Hydropower stations with water reservoirs is the most common type of larger scaled plants, the 

upper storage reservoir often causes the upstream river to become a habitat of slack water instead 

of a naturally flowing stream. This results in changes in oxygen levels and, temperature difference 

and other physical changes that makes it difficult for native species to survive. There are many 

cases were other non-indigenous species find their way to these areas and invade the land and 

disrupts the natural biological diversity balance [46]. This consequence can occur around any 

hydropower plant but is mostly relevant for those built on rivers with a rich population of certain 

vulnerable fish species that is especially important for the local area or national image.  

In Norway, the plants are often built high up in the mountains and the climate is cold whereas it 

is mostly the salmon population that gets affected. The immediate problem is then to somehow 

preserve the fish population without having to reduce electricity producing capacity. Center for 

Environmental Design of Renewable Energy published in 2014 a handbook in the hopes of 

assisting engineers in planning hydropower projects involving preservation of vulnerable species 

[47]. It suggests a work flow including diagnosis, power generation and solutions. The book is 

based on studies in Norway but is meant to be applicable in other situations where hydropower is 

used in areas with dense fish populations [48].  

Pass-way through hydropower plant 

The next problem can be found in most cases of hydropower plants but again mostly for medium 

to large scaled power plants, especially those with a reservoir. The structure and design of the 

power station itself can cause damage to fish that swim through. Knowing how the fish are being 

damaged is the first step in developing a solution. The damage dealt can be divided into three 

types, strike, shear stress and pressure related injuries. The first two are self-explanatory where the 
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strike injuries are those caused by violent collisions with the turbines and shear stress is caused by 

rapid environmental changes. The pressure related injuries on the other hand are a result of 

pressure differences through the passage. The pressure is often higher in the upper reservoir 

because of the depth of it, after passing the turbines there is a rapid decompression that expands 

gas-filled organs in the fish that can for example rupture the swim bladder or cause internal 

haemorrhaging [49].  

This sort of damage can be mitigated by applying biological knowledge into designing the 

hydropower plants. Fish passage technologies include turbine passage designs, fish ladders, 

creating alternative routes for fish around the power station and more [49].  

Better turbine blade design can reduce the mortality rate of fish passing through. The Alden 

Turbine project is an example of a product that facilitates passage while sustaining the optimal 

performance of the hydropower generation. The length of the fish and the speed are two key 

variables for constructing fish-friendly turbines [50]. An alternative method is to use so called fish-

ladders or passages that are built within the dam or reservoir. It functions to guide fish safely past 

the major elevation difference where the turbines usually are. Figure 7 shows the general idea of 

fish ladders, the streaming water attracts migrating fish and harmlessly steer them to safety in the 

upper river [51]. 

 

 Figure 6 Fish ladder [52] 

These types of constructions obviously will add additional expenses for projects but can be 

beneficial if the budget allows for it and there are especially vulnerable fish species in the area.  

Another factor that affects the biology and landscape is the location of the reservoirs. Since the 

fish are sensitive to sudden pressure changes the artificial reservoirs should optimally be imitating 

the natural habitat. Either that the water storages are placed in existing sinks or that it is designed 

to mimic the original pressure conditions. The location does not only influence these 

environmental issues but also the people living close by. Therefore the placement is a crucial 

decision in hydropower project planning.  

Natural sediment disposal  

Except for blocking the pass-way for fishes and marine animals, hydropower plants can also hinder 

the river’s natural disposal of sediments. This is one of the most central technical problems for 

large water storages. The almost still water in the reservoirs contain river sediments that then sink 
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to the bottom, after accumulation the reservoir continuously loses capacity of storing water and 

therefore there is an efficiency loss which directly decreases the capacity of the power plant. 

Furthermore, the sediment itself causes abrasion of different components with water contact, 

especially the turbine blades. The effect of the power generating mechanics gets significantly 

reduced when surfaces crack or get deformed and can be very expensive to repair [53]. 

The largest reservoirs in China lose around 2.3 % capacity each year due to sedimentation. It might 

not sounds like much but if put side to side with a plant as large scaled as the Three Gorges, 2.3% 

lost capacity would mean a loss of approximately 500 MW of electricity. The sedimentation rate is 

decided by two factors, the size of the reservoir and the volume of sediments that flows into it. 

This parameter determines how fast the storage gets cluttered and therefore loses capacity over 

time. To clarify, a small dam in a sediment-full water habitat would very quickly lose efficiency 

while a large scale hydropower reservoir in clearer water surrounding might take hundreds of years 

to lose capacity solely because of sedimentation [53]. This factor should naturally be taken into 

consideration when planning a hydropower plant since it directly reflect the need of maintenance 

and also lifespan of the structure.  

Today, there are basically no actions taken to minimize the sedimentation and capacity loss in 

reservoirs. Some of the main causes to increased sedimentation in an area are landslides, global 

warming and nearby agriculture. The first mentioned are hard to take action against since they are 

external effects but it is possible to educate nearby farms about how to reduce soil erosion that 

causes more harming river sediments. 

Methane emission 

There are over 3,000 reservoirs planned to be built in the near future which would double the 

hydropower capacity in the world. 50 billion tons of carbon emission would be avoided at 2050 

by producing electricity through hydropower rather than coal power or other carbon fuel driven 

methods [54].  

Since hydro-electrical stations do not require any fossil fuels to function there are no direct 

greenhouse gas emissions from the electricity production. Scientists have in recent years been 

noticing the amount of methane emitted from the still water in large reservoirs. In the long-term 

perspective, methane is more potent than carbon dioxide when released into the atmosphere. 

Methane is generated by bacteria that feed off decayed algae in the water and thrive in oxygen-

starved surroundings such as large reservoirs.  

The amount of methane emitted from reservoirs is still not well understood and how much of it 

contributes to the greenhouse effect is still unknown. There are theories about methane emissions 

from dams being more severe in temperate climates and foremost located in agricultural areas since 

the land is full of nutrients and leaks to nearby waters. Reservoirs in colder climates based in hillier 

terrain would logically not be a favourable growing habitats for such bacteria. Once again, it is 

important to consider the surrounding areas and habitations and what gets led into the water 

system and its consequences. Some researchers underline the fact that the amount of methane 

emission might be heavily underestimated in many cases and that it should both be evaluated as 

any other natural methane gas emission source and be gaining more awareness [55]. 
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6.2 Social considerations 

 

Except for the electricity production which is of course the main benefit of constructing 

hydropower plants it can also be socially beneficial in some other cases. Given the opportunity of 

local sustainable, low cost electricity, millions of people can be brought out of poor living 

conditions [54]. These are the long-term objectives that are also often promoted commercially to 

attract investors and stakeholders but on the other hand there are many social issues to address in 

the process. They might not have direct impact on the technical design and construction of a 

hydropower plant but are nevertheless interesting points to consider when planning hydropower 

projects.  

Long-term attention to resettlements 

One of the most significant social issues that directly affects the population nearby a planned 

hydropower storage plant is the need of resettlement, especially in more heavily populated areas 

like China. If the planned hydropower plant is going to cover nearby farmer’s land or property 

they should be compensated and offered alternative housing and living solutions. An initial 

problem is to identify all the affected people in the area and evaluate their properties. Optimally 

each village or household should be consulted and informed individually so that proper 

compensation can be granted. This is a difficult task, not only managerially but also economically. 

The responsibility does not end after the resettlement, restoring the livelihood and having a 

development plan for these people is crucial for a sustainable community that develops [56].  

A study was made of a yet to be completed hydropower project on the Nu River, China, that once 

completed is going to be even larger scale than the Three Gorges Dam. To learn about the 

difficulties and problems in the project, one of the authors went to the site to gain more insight 

information. Findings included violation of regulations, lack of support to help people continue 

farming after the resettlement and lack of long term plans for social development [43]. These are 

all “soft” factors that are hard to concretize, control or analyze since each individual project will 

be vastly different from another. Therefore, once again must the importance of evaluating every 

hydropower project separately be highlighted. The article suggested that having a thorough 

overview of the situation the better the chances are of minimizing negative economic and socio-

economic effects. 

Mutual consensus 

Another social factor that plays an important role when planning to build hydropower is the degree 

of transparency between authorities and population [43]. Laws and regulations can act as insurance 

for the affected people but also as guidelines for the planners. The effectiveness of laws and 

regulations depends strongly on the experience of the subject or problem. Norway for example is 

one of the countries that generate the most hydro-electricity per capita in the world [35] and has 

many rules and regulations to control which hydropower stations should be built. The multistep 

licensing system assesses various aspects of the situation. China may have more raw capacity than 

Norway but the market and hydropower project management has still not reached full maturity 

and therefore a complete, secure regulation system might not yet have been developed. A common 

problem is the lack of audit control if regulations and rules are being followed.  



   
 

27 
 

For every realized hydropower project, experience is gained and better, more environmentally 

friendly designs and plans are developed. It is hard to be completely impact-less on the 

environment, have no social ramifications and efficiently finance the projects, thus compromises 

are needed. 

Planning of resettlements and social support 

There are many suggested actions that should be included when planning a hydropower project in 

order to minimize the negative impacts of the affected population and thus making the transition 

smoother. Planning itself is the greatest tool to solve these types of problems even if unforeseen 

consequences can appear. When planning, it is important to look at a broad perspective and include 

all the affected parties. A Resettlement Action Plan (RAP) is an example of a planning tool. Its 

purpose is to mitigate complications in the process of resettlements by presenting a thought-out 

plan for the affected people, in the terms of compensation, livelihood impact and future social 

integration. The RAP would also function as a basis for the affected people and stakeholders to 

consult and discuss issues [56]. 

It is important to set a good foundation for the newly resettled population to minimize long-term 

negative social effects. This can be done with development programs where people get the 

opportunity to learn off-farm skills and therefore have a higher probability of future employment.  

 

6.3 Economic aspects 

 

Around 600 reservoirs are currently being built in the world and over 3,000 are planned to be 

developed in the near future. These will require an approximate investment of USD 3 trillion which 

is an ostensibly immense amount. Most of the planned power stations are located in Latin America, 

Asia and Eastern Europe where there is still much potential to explore compared to a relatively 

saturated hydropower potential in Western Europe and North America [54].  

Flood control  

The reason behind the majority of hydropower plants is a need of sustainable electricity generation 

but a different incentive is simply flood control over the area. The Three Gorges in China is an 

excellent example. Heavy floods used to occur regularly in the area, damaged lands and rebuilding 

towns farms and landscape cost money. Investments were made to mitigate the damage and 

therefore also spare unnecessary costs in the future. A few years after the reservoir’s completion 

over USD 4 billion was saved due to the reduction of effects by a severe flood. With the massive 

electricity production capacity because of the sheer dam size, it receives an annual net income of 

around USD 3.3 billion and is calculated to be able to repay its debts already by 2020 [57]. Flood 

control is an example of an added benefit of water storage that can reduce costs for a hydropower 

project but in reality, how expensive are hydropower projects compared with “regular”, more 

commercial types of electricity generation?  
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Initial investment vs. over-time sustain costs 

The investment cost or capital that is needed depend on several factors unique to every project 

including scale, capacity, presence of reservoir and other additional benefits like irrigation and 

flood control etc. For hydropower stations, larger scaled ones have a cheaper investment cost per 

kW capacity. The International Renewable Energy Agency (IRENA) estimates around USD 1,000 

to USD 3,500 /kW and points out that the limits are not absolute since they strongly depend on 

the nature of the specific project [23].  

One factor that can affect the cost significantly is the presence of existing reservoirs, infrastructure 

and available transmission networks. If there already are old dams used for irrigation or fresh water 

at the chosen site then low costs like USD 500 /kW can occur. Small projects on the other hand 

costs from about USD 3,000 /kW and can reach up to costs as high as USD 10,000 /kW if its 

capacity is below 1 MW [23]. The initial investment costs are very much comparable with the ones 

for coal power plants. Coal plants are usually larger in scale and has a capital cost ranging between 

USD 600 /kW to USD 2,900 /kW [58]. 

After the power plant has been constructed there will be continuous operation and maintenance 

costs. For hydropower the yearly O&M costs are between USD 39-62 /kW and USD 41-79 /kW 

for large and small scaled power plants respectively depending on were in the world it is built. Coal 

power ranges between low costs like USD 21 /kW in China to USD 102 /kW, where the costs 

vary because of geographical position and technique. Overall, hydropower projects are proven 

often not to be more expensive than projects for coal plants that stand for a major part of the 

electricity production in the world [58]. 

Electricity prices 

Electricity prices vary from season to season and it is interesting to investigate if hydropower can 

somehow affect the electricity prices where there is a mature market present.  First of all it is 

important to understand how electricity prices are set. To explain this, the model used in Sweden 

is going to be presented. About half of the produced electricity in Sweden comes from hydropower 

and the model used is similar to what Norway uses [59].   

The electricity price consists of three parts, the actual price of the raw electricity, taxes and other 

fees and the cost for the electricity delivered to a certain place, so called electricity grid fee. 

Regarding different electricity sources it is most interesting to look at the actual cost of the actual 

electricity. 

As other products, the price is foremost determined by supply and demand. An auction-like market 

balances out the demand with the supply and prices change every hour. The electricity producers 

with lowest prices get bought out first but if the demand rises above a certain level, more expensive 

electricity facilities needs to be utilized and the price will therefore also increase. In Sweden, 

hydropower is the cheapest option and prices can be kept low if there has been good water levels 

in the reservoirs of hydropower stations, which naturally depends on weather conditions, 

temperature and other reasons. Prices will rise if the demand exceeds the supply, then more 

expensive power plants sourcing from nuclear or fossil fuels might be needed in order to satisfy 

the market [60]. 
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Hydropower is efficient because of the low variable costs it has for maintaining electricity 

production, it does not require any fuel material or have many production taxes like coal and oil 

based electricity production. Therefore, in an ideal world where the hydropower potential is 

greater, electricity prices would be lower. Today, electricity from large hydropower plants can cost 

as low as USD 0.01 /kWh but usually ranges between USD 0.02 – 0.19 /kWh [23]. In the present 

electricity market, oil and coal prices affect the general electricity pricing. Europe and most of the 

world are still dependent on the supply of coal for electricity generation and with the merit order 

principle of determining electricity prices, coal will most likely still be an important factor for 

electricity price determination in the future unless the fundamental price-setting norm drastically 

changes [61].  

Cost reduction  

For hydropower especially, the initial cost for building the power plant is much higher than the 

annual operation and maintenance costs. The investment can be seen as a preventive action for 

costs from fossil fuels and mitigating costs caused by floods. Being dependent on both importing 

fossil fuels and recovering from natural disasters cost money. In the end it is about balancing the 

price with the benefits.  

The price-setting system explained in Norway and Sweden means that the price is determined by 

the cost of the last watt bought. Logically that would in turn suggest that if hydropower had the 

capacity of covering the whole electricity demand, then prices would lower. As stated in the case 

study, Norway has, in recent years, a particular interest in small scaled hydropower projects in the 

hopes of further increasing the hydropower capacity by also utilizing smaller river systems. 

However, advancement in hydropower technology that are designed to reduce the negative 

impacts of these energy projects or increasing the efficiency of electricity generation might lead to 

temporary higher investment costs to build hydropower plants.     

Because of the massive population in China and many other fast developing countries there is an 

increasing demand for electricity. A self-evident method of reducing capacity is to save 

consumption on the user-end. The problem with this is the constant demand of low electricity 

costs, which results in prices not reflecting the real costs of hydropower including environmental 

and other external impacts.  

Another aspect of cost reduction is the lifespan of a hydropower station. Therefore can, restoring, 

maintaining and upgrading existing hydropower stations be an effective and more cost-efficient 

way of gaining capacity. The International Energy Agency estimates a potential capacity raise of 5 

to 20% for many existing hydropower plants [4]. For agricultural areas it could for example be 

possible to convert old water mills to small scaled hydropower stations or to use irrigation 

reservoirs as a base for a plant.  
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7 Different interests for hydropower markets 
 

The analysis has presented various consequences of building and operating hydropower plants. It 

is clear that the output effect depends on the profile and setting of each specific project. For 

example the problems with salmon populations in Norway and sediment issues in Chinese rivers 

mentioned in chapter 6. The set cases of the market in Norway and in China differ from each 

other in many ways. It is interesting to compare the incentives of developing hydropower in the 

cases. To understand the driving forces it is important to consider the environmental, economic 

and political conditions within the country.   

The environment of Norway has been ideal for hydropower development. The terrain and rich 

amount of river systems set up the perfect conditions for it. These conditions might have facilitated 

the progress until its mature state. The strongest incentives are clean electricity production and 

independency from fossil fuels.  

Like Norway, the most important incentive for hydropower in China is also clean energy. But in 

opposition to Norway’s healthy environmental basis, China is experiencing severe air pollution as 

a result of the fast industrialization and urbanization. The increasing electricity demands resulted 

in a push towards the development of hydropower plants with the hopes of decreasing the 

country’s carbon dioxide emissions and replace coal plants with sustainable and clean hydropower 

stations. The great rivers in the country allow large capacities of electricity generation. Except for 

electricity production, flood protection for the nearby communities is also a clear benefit. Although 

the pollution and flooding problems have been mitigated, the power plants themselves are causing 

other local environmental and social issues caused by poor planning and lack of consideration for 

all afflicted parties. The whole river system needs to be considered as one compound when trying 

to mitigate negative environmental impacts around hydropower plants. Naturally, the more 

reasons for a problem considered, the lower are the risks for unpredictable consequences.  

Norway and China are currently in different stages of industrialization which means that they have 

different primary objectives for development. While Norway is solely focusing on clean electricity 

generation while preserving the environment, China need to first and foremost take care of the 

developing population’s problems since those are the most vital problems in the country right 

now. This does not legitimize the negative consequences of Chinese hydropower plants but is a 

possible reason to why some actions are taken. It takes experience to develop optimal legislation 

systems and hopefully China will learn from past mistakes and improve in the future.  

There is no “right” way of realizing hydropower projects, there are common desirable results but 

because of the divergence of each country, unique solutions including legislations should be 

adjusted according to the situation.  
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8 Hydropower for the future 

 

It has not been very long since humans first started building large scale electricity producing storage 

systems and there might surface unexpected problems belonging to the three categorizes of 

consequences. For example, problems such as sedimentation and methane emissions were not 

foreseen and are problems that should eventually be tackled. These types of unpredicted problems 

might require changes in rules and regulations for future hydropower projects. With a flexible 

managerial structure within hydropower companies we will be able to adapt in the same pace and 

develop hydropower to be even more sustainable and environmental friendly.  

IEA foresees that the global hydropower capacity is going to be doubled by 2050 which equals to 

almost 2,000 GW. It is predicted to mostly be realized in developing countries in Africa, Asia and 

Latin America where there is significant potential for large scale hydropower development [62]. 

As technology advances, new solutions for current problems will be developed. Better ways to 

help fish get past power plants and friendlier turbine designs are technical solutions that will be 

used more widely in the world. Research and studies about hydropower are also important for the 

future [50]. By analyzing the consequences of finished projects, new learnings and experiences can 

be drawn and improvements can be made for subsequent projects. Research about methane 

emission and other indirect environmental impacts are of special interest but also harder to study 

due to its long-term effects.  

As the development and expansion of hydropower continues in the world, new electricity price-

determination systems might be needed to more accurately reflect the costs of hydropower 

compared to other more expensive electricity sources. An interesting concept would be to 

encourage hydro-electricity by rewarding the households or industries that choose to use a 

sustainable energy source rather than fossil fuels.  

Lastly, a few words about other sustainable energy sources. Hydropower is a technology that 

requires very specific preconditions of terrain and water resources. It is not the most viable source 

of electricity in all countries. The uneven spread of the hydropower potential around the world is 

a fact and it is crucial to consider alternative options for optimal results. Rising technologies such 

as biomass, solar and wind power can in some situations prove to be more suitable especially with 

the advancement in energy storage techniques. Improved energy storage technology will definitely 

be the key for the expansion of many renewable sources. 

8.1 Small-scale hydropower 
 

Most of the negative consequences found related to hydropower plants are related to large scale 

hydropower plants with reservoirs. Thus it can be compelling to explore the benefits of alternative 

smaller-scaled hydropower plants. 

Micro-plants, smaller scaled hydropower plants are thought to be gentler to the surroundings since 

they can easily be scaled to existing water flows without harming the landscape [63]. An obvious 

downside with micro-plants compared to larger scaled hydropower plants is the potential capacity. 

It can be limiting to be reliant on natural streams when water storage is such a prominent part of 
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providing stable electricity generation. The ability to meet different energy demands is after all one 

of the strongest arguments pro hydropower compared to other sustainable energy storing 

methods. The incentives of smaller plants are quite different from large plants. Small-scaled plants 

can be sufficient in some uses such as providing an electricity source in rural areas or simple 

generation for farming uses. Instead of a tool for pure electricity production it can improve the 

livelihood of the local populace. In Norway for example, small-scale hydropower stations will be 

implemented to develop the last fractions of potential hydropower capacity.  

Small hydropower plants are, as described in the economic section, often more costly than large 

scaled power stations. This is because of the generation costs, the more electricity a power plant 

produce during a time the lower the generation costs are going to be, which means that the larger 

the production scale is the cheaper it is going to be. For small hydropower projects it is more 

difficult to guarantee constant maximal operation capacity. Once technology development helps 

solving this problem more, the small scaled hydropower market is going to expand rapidly in 

Norway and also in other parts of the world. 
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9 Conclusions  
 

To conclude, hydropower is the most widespread form of sustainable, renewable energy and 

accounts for a sixth of the total electricity production in the world. Despite being reliant on specific 

terrain and other preconditions, its estimated undeveloped potential is high. The two most 

significant benefits of hydropower plants are clean energy, which means that it does not contribute 

carbon dioxide emissions and flood control when a reservoir is present. The reservoirs also helps 

irrigation of nearby areas.  

Building hydropower projects also have adverse effects. For more sustainable continuous 

development of hydropower capacity in the world, companies need to be aware of and actively 

take all three categories of effects into consideration when planning. Every hydropower project 

needs to be assessed individually because of the uniqueness of each scenario. Different terrain, 

economic background and political state are all factors that impact what profile of consequences 

a certain country will face.  

The problems in each case have corresponding solutions to mitigate their effects. A developed 

country such as Norway is a great example of a functioning hydropower dominant country. China 

on the other hand has a massive capacity of hydro-electricity but there are still many issues left to 

address. Technical solutions together with improved project planning and managerial systems can 

significantly lessen the environmental impact on nearby communities. Preventive measures can 

only be taken within the capability of the project planner. More experience and further social 

development are required to found a solid basis for sustainable hydropower development.  

The investment costs for hydropower plants are comparable with coal power which is one of the 

most common electricity producing sources today in the world while the operation and 

maintenance costs are much lower for hydropower. It has the potential to deliver high electricity 

capacities together with large storage capacities and will remain a viable competitor in the energy 

market. Hydropower as an energy storage method sets the future of sustainable energy sources.  

 

9.1 Continued work  

 

The study was originally planned to be a general study of different energy storage methods but the 

special interest in hydropower lead the project in a different direction. Even though the energy 

storage part of hydropower is very important for its performance and functioning it is still first 

and foremost an electricity production method and the focus of this paper is mostly about exactly 

that. As it is the most dominant method of energy storage of such a scale it seemed an especially 

interesting topic to investigate.  

There has already been many studies made about hydropower and its impacts. Most of them are 

concentrated around single projects or a geographical area that is affected. For future studies, more 

generic empirical research might help create guidelines for constructing hydro-electricity power 

plants. It is hard to summarize learnings from spread out individual studies without proper context 

for future use.  
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When reading this paper it is necessary to keep in mind that the content’s relevance will expire as 

technology and development continues. The consequences and problems discussed here will 

eventually be solved or other unpredictable events will occur to change the course of progress. 

Overall, hydropower is a very broad topic and this short paper is only an introduction to raise 

awareness and spread knowledge.  

  



   
 

35 
 

10 Acknowledgements  
 

First and foremost I would like to thank my supervisor Thomas Nordgreen for the support given 

throughout the work. I am very grateful for the meetings where my ideas were discussed and 

developed and thank you for giving me helpful remarks on the report.  

I would also like to thank Viktoria Martin for the insightful feedback and comments during the 

mid-term seminar, it helped me push forward to deliver a higher quality study.  

Lastly, special thanks to my close friends and family for encouragement and support during the 

whole process.  

 

11 References 
 

[1]  IEA, "Key World Energy Statistics," OECD/IEA, 2015. 

[2]  "Integrerad energilagring," Miljönytta, November 2014. [Online]. Available: 

http://miljonytta.se/framtid/integrerad-energilagring/. [Accessed February 2016]. 

[3]  R. A. Huggins, "Introduction," in Energy Storage, Springer Science+Business Media, LLC, 2010, pp. 

1-12. 

[4]  IEA, "Renewable Energy Essentials: Hydropower," OECD/IEA, 2010. 

[5]  "Pumped Hydroelectric Storage," Energy Storage Association, 2016. [Online]. Available: 

http://energystorage.org/energy-storage/technologies/pumped-hydroelectric-storage. [Accessed 

February 2016]. 

[6]  "Informing The Transition To Low-Carbon Energy Systems Through Energy Systems Analysis Of 

Energy Storage For The Power Grid," Stanford Energy Club, June 2013. [Online]. Available: 

https://energyclub.stanford.edu/informing-the-transition-to-low-carbon-energy-systems/. 

[Accessed February 2016]. 

[7]  "Compressed Air Energy Storage (CAES)," Energy Storage Association, 2016. [Online]. Available: 

http://energystorage.org/compressed-air-energy-storage-caes. [Accessed February 2016]. 

[8]  "Compressed Air Energy Storage (CAES)," PG&E's Environmental Commitment, 2016. [Online]. 

Available: https://www.pge.com/en/about/environment/pge/cleanenergy/caes/index.page. 

[Accessed February 2016]. 

[9]  "Compressed Air Energy Storage," The Green Age, [Online]. Available: 

http://www.thegreenage.co.uk/tech/compressed-air-energy-storage/. [Accessed March 2016]. 

[10]  M. Abbaspour et al., "Optimal operation scheduling of wind power integrated with compressed 

air energy storage (CAES)," Renewable Energy, vol. 51, pp. 53-59, 2013.  



   
 

36 
 

[11]  R. Zito, "Competing Storage Methods," in Energy Storage: A New Approach, Scrivener Publishing 

LLC., 2010, pp. 55-74. 

[12]  "Is Lithium-ion the Ideal Battery?," Battery University, 2016. [Online]. Available: 

http://batteryuniversity.com/learn/article/is_lithium_ion_the_ideal_battery. [Accessed March 

2016]. 

[13]  M. Kanellos, "Will Lithium Ion Work for Grid-Scale Storage?," Renewable Energy Word, October 

2014. [Online]. Available: http://www.renewableenergyworld.com/ugc/blogs/2014/10/will-

lithium-ion-work-for-grid-scale-storage.html. [Accessed March 2016]. 

[14]  "Flywheels," Energy Storage Association, 2016. [Online]. Available: 

http://energystorage.org/energy-storage/technologies/flywheels. [Accessed March 2016]. 

[15]  M. G. Molina, "Dynamic Modelling and Control Design of Advanced Energy Storage for Power 

System Applications," in Dynamic Modelling, InTech, 2010.  

[16]  M. Hedlund, "Flywheel Energy Storage for Automotive Applications," Energies, vol. 8, pp. 10636-

10663, 2015.  

[17]  "How does a Supercapacitor Work?," Battery University, 2016. [Online]. Available: 

http://batteryuniversity.com/learn/article/whats_the_role_of_the_supercapacitor. [Accessed 

March 2016]. 

[18]  R. Tiwari, "How the super capacitor market is exploding in China - our Client, Maxwell benefits," 

Mahoney Communications Group, May 2015. [Online]. Available: 

http://www.mahoneycommunications.com/745. [Accessed March 2016]. 

[19]  J. Shandle, "Supercapacitors Find Applications In Hybrid Vehicles, and Energy Harvesting," 

Mouser Electronics , 2016. [Online]. Available: http://www.mouser.se/applications/new-

supercapacitor-applications/. [Accessed March 2016]. 

[20]  L. M. P. Fanjul, "Some New Applications of Supercapacitors in Power Electronic Systems," Texas 

A&M University, 2003. 

[21]  "Hydrogen Storage," Office of Energy Efficiency & Renewable Energy, [Online]. Available: 

http://energy.gov/eere/fuelcells/hydrogen-storage. [Accessed March 2016]. 

[22]  "Hydrogen Storage," U.S Department of Energy, 2011. 

[23]  "Renewable Energy Technologies: Cost Analysis Series - Hydropower," International Renewable 

Energy Agency, 2012. 

[24]  "Analysis of the Globally Installed Coal-Fired Power Plant Fleet," OECD/IEA, 2012. 

[25]  Global Energy Observatory, [Online]. Available: http://globalenergyobservatory.org/geoid/5635. 

[Accessed May 2016]. 

[26]  "Remarkable Power Generation Benefit," China Three Gorges Corporation, 2010. [Online]. 

Available: http://www.ctgpc.com.cn/en/benefifs/benefifs_a_2.php. [Accessed May 2016]. 



   
 

37 
 

[27]  "Global Wind Statistics 2015," Global Wind Energy Council, 2016. 

[28]  "IAEA Issues Report on Kashiwazaki-Kariwa Nuclear Plant," International Atomic Energy Agency, 

February 2016. [Online]. Available: https://www.iaea.org/newscenter/news/iaea-issues-report-

kashiwazaki-kariwa-nuclear-plant. [Accessed May 2016]. 

[29]  "Technology Roadmap - Solar Photovoltaic Energy," IEA, 2014. 

[30]  "Renewable Energy Technologies: Cost Analysis Series - Biomass for Power Generation," 

International Renewable Energy Agency, 2012. 

[31]  "Ironbridge power plant shut down after 46 years," The Telegraph, November 2015. [Online]. 

Available: http://www.telegraph.co.uk/finance/newsbysector/energy/12008878/Ironbridge-

power-plant-shut-down-after-46-years.html. [Accessed May 2016]. 

[32]  C. W. Risk, "Hydropower: Environmental Disaster or Climate Saver?," China Water Risk, July 2010. 

[Online]. Available: http://chinawaterrisk.org/resources/analysis-reviews/hydropower-

environmental-disaster-or-climate-saver/. [Accessed April 2016]. 

[33]  "Hydropower," Statkraft, 2009. 

[34]  G. Stene-Larsen, Water management and challenges in Norway, Ministry of Health and Care 

Services.  

[35]  D. Gonzalez, A. Kilinc and N. Weidmann, "Renewable Energy Development - Hydropower in 

Norway," Georg Simon Ohm, University of Applied Sciences Nuremberg, 2011. 

[36]  O. Udedal et al., "Twenty years of hydropower regulations in the River Alta: long term changes in 

abundance of juvenile and adult Atlantic salmon," Hydrobiologia, vol. 609, no. 1, pp. 9-23, 2008.  

[37]  S. S. Andersen et al., "Conflict and Local Mobilization: the Alta Hydropower Project," Acta 

Sociologica, vol. 28, pp. 317-335, 1985.  

[38]  R. A. Rohde and R. A. Muller, "Air Pollution in China: Mapping of Concentrations and Sources," 

PLoS ONE, vol. 10(8), 2015.  

[39]  "China - International energy data and analysis," U.S Energy Information Administration, 2015. 

[40]  S. Zhang and X. Qin, "Lessons Learned from China's Residential Tiered Electricity Pricing Reform," 

International Institute for Sustainable Development, Global Subsidies Initiative, 2015. 

[41]  D. Guha-Sapir et al., "Annual Disaster Statistical Review 2014 - The numbers and trends," Centre 

for Research on Epidemiology of Disasters, Université catholique de Louvain, 2015. 

[42]  "Harnessing of the Collapses and Landslides of the Banks of the Reservoir of the Three Gorges 

Project," China Three Gorges Corporation, 2010. [Online]. Available: 

http://www.ctgpc.com.cn/en/faq/01.php?NewsId=13199. [Accessed May 2016]. 

[43]  P. H. Brown and K. Xu, "Hydropower Development and Resettlement Policy on China's Nu River," 

Journal of Contemporary China, vol. 19:66, pp. 777-797, 2010.  



   
 

38 
 

[44]  K. Rapoza, "Hydroelectric Power Damaging World Rivers, Study Shows," Forbes, 2014. [Online]. 

Available: http://www.forbes.com/sites/kenrapoza/2014/08/22/hydroelectric-power-damaging-

world-rivers-study-shows/#4da923d22e1b. [Accessed May 2016]. 

[45]  E. Wong, "Central China Hit by Drought, as Reservoirs Become 'Dead Water'," The New York 

Times, May 2011. [Online]. Available: 

http://www.nytimes.com/2011/05/17/world/asia/17drought.html. [Accessed May 2016]. 

[46]  "Environmental Impacts of Dams," Internatinal Rivers, [Online]. Available: 

https://www.internationalrivers.org/environmental-impacts-of-dams. [Accessed May 2016]. 

[47]  T. Forseth et al., Handbook for environmental desigh in regulated salmon rivers, Norwegian 

Institute for Nature Research, 2014.  

[48]  P. Brown, "Salmon and hydropower can both thrive," Climate News Network, 2013. [Online]. 

Available: http://climatenewsnetwork.net/salmon-and-hydropower-can-both-thrive/. [Accessed 

May 2016]. 

[49]  L. J. Baumgartner et al., "Perspective: Towards environmetally acceptable criteria for 

downstream fish passage through mini hydro and irrigation infrastructure in the Lower Mekong 

River Basin," Journal of Renewable and Sustainable Energy, vol. 6, no. 1, 2014.  

[50]  "Hydropower Market Acceleration and Deployment," Office of Energy Efficiency & Renewable 

Energy, [Online]. Available: http://energy.gov/eere/water/hydropower-market-acceleration-and-

deployment. [Accessed May 2016]. 

[51]  "Hydropower generators produce clean electricity, but hydropower does have environmental 

impacts," U.S. Energy Information Administration, 2015. [Online]. Available: 

https://www.eia.gov/energyexplained/index.cfm?page=hydropower_environment. [Accessed 

May 2016]. 

[52]  "Fish Ladders," NOAA Fisheries, [Online]. Available: 

http://www.westcoast.fisheries.noaa.gov/fish_passage/about_dams_and_fish/fish_ladders.html. 

[Accessed May 2016]. 

[53]  P. McCully, Silenced Rivers: The Ecology and Politics of Large Dams, Zed Books, 1996.  

[54]  J. Conca, "The Hidden Cost of Hydroelectric Power," Forbes, 2014. [Online]. Available: 

http://www.forbes.com/sites/jamesconca/2014/11/04/the-hidden-cost-of-hydroelectric-

power/#2ac67820114e. [Accessed May 2016]. 

[55]  B. Magill, "Hydropower May Be Huge Source of Methane Emissions," Climate Central, 2014. 

[Online]. Available: http://www.climatecentral.org/news/hydropower-as-major-methane-

emitter-18246. [Accessed May 2016]. 

[56]  "Resettlement and compensation action plant for the proposed Sindila mini hydropower project 

in Sindila sub-county, Bundibugyo district, Uganca," Atacama Consulting, 2014. 

[57]  IHA communications team, "Do the benefits of sustainable hydropower outweight the costs?," 

International hydropower association, 2014. [Online]. Available: 



   
 

39 
 

https://www.hydropower.org/blog/do-the-benefits-of-sustainable-hydropower-outweigh-the-

costs. [Accessed April 2016]. 

[58]  Energy efficiency in end-uses, IEA, 2014.  

[59]  "Så bestäms ditt elpris," Vattenfall, 2009. [Online]. Available: 

https://corporate.vattenfall.se/press-och-media/nyheter/import-nyheter/sa-bestams-ditt-

elpris/. [Accessed May 2016]. 

[60]  "Så sätts ditt elpris," Energimarknadsinspektionen, 2014. 

[61]  "The Impact of Global Coal," IEA, 2014. 

[62]  "Technology Roadmap - Hydropower," OECD/IEA, 2012. 

[63]  S. Gollessi and G. Valerio, "Hydropower and environment," Small Hydro Energy Efficient 

Promotion Campain Action. 

 

 


