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ABSTRACT 

The project consists on the reconstruction of an old and obsolete hydropower plant 

situated in Ockelbo (Sweden). To carry out this goal it is done firstly a land survey on the 

place and a preliminary study of which kind of plant should be installed. After that it is 

done the management part of the project, summarized in the three documents called 

Business Case, Project Directive and Project Specification. These papers must be written 

before start running any project. 

 

Before start writing the real project, it is explained a short background of hydropower 

plants and all their components, the current situation of the site studied and also the status 

of this green energy in Sweden. The name of the site where it is going to be placed the 

hydropower plant is Wij Trädgårdar and they want to make this area as an example of 

sustainability with different kind of green energy production. 

 

Any project must have a pre-study to assure that the task is possible. The theoretical part 

explains this pre-study, looking at the best turbine and generator with the conditions 

given by the land survey. This part also gives an overview of the importance to manage a 

project, how to do it and people who take part on it. 

 

Finally, on the part of the results, the theoretical installation that should be placed with its 

specifications is defined and also the amount of energy that it can produce. In addition, on 

the management part, there is concluded how to erect the new installation with the final 

solution given and those suppliers that will participate on the construction. Also, an 

economical study is included. The three management documents are added on the 

appendixes. 
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1 INTRODUCTION 

1.1 Background 

Nowadays, energy is one of the most important factors needed in our world. However, 

some resources to obtain useful energy results impracticable because of the cost, the 

problems to find them, pollution generated using these resources, etc. So it is important to 

focus the studies on finding alternatives ways to produce useful energy in a cleaner, 

cheaper, and effectiveness way. 

 

In the European Union some new targets has been proposed in 2008 trying to combat the 

climate change, and making the European market more energy-efficient and with low 

carbon dependency. It has set by the end of 2020, 20% of the final energy consumption 

has to come from renewable energies. Also, for the same deadline, 20% of the greenhouse 

gas emissions have to be reduced in compare of 1990 levels. And finally, 20% of the 

energy consumption must be reduced by improving the effectiveness of the elements used 

(1)+ (2). The next figure explains the carbon dioxide (CO2) emissions for all the 

European members and compares their emissions with the Kyoto target (3). 

 

 
Figure 1.1: Kyoto target for European members and CO2 emissions [Mt CO2/year] 

 

In Sweden, the renewable consumption is around 40% of the final energy consumption 

(in 2005), and the target that the government wants for 2020 is to reach the 49% (4). 

Also, the future objective is to produce all the energy from renewable resources. A very 
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important policy instrument to reach these objectives is the Electricity Certificate system, 

imposed by the government in 2003. Basically, it promotes the development of renewable 

electricity production as wind power, hydropower, wave energy, solar energy, geothermal 

energy and bio fuel. 

 

1.2 Electricity certificates 

The electricity certificate system makes the electricity suppliers to have a minimum 

number of electricity certificates annually corresponding to the sales and use of electricity 

during the previous year. An electricity certificate is received by the producers for every 

MWh of electricity produced by renewable sources. These electricity certificates can be 

sold, and the result is an extra income, additionally to the electricity gains. The extra 

gains can be used to invest in renewable electricity production, having more electricity 

certificates to sell during the followings years, and increase the renewable production.  

 

For the consumers of electricity, there is also a quota to purchase a minimum number of 

electricity certificates every year. This makes a market between electrical producers 

(supply side) and consumers (demand side). The objective is to increase these quotas 

every year, and as a result more electrical certificates are on the market so the renewable 

sources augment. If the minimum amount of electrical certificates is not reached, then the 

consumers and producers must pay a fee to the Swedish National Energy Administration, 

who is checking if all the quotas have been met. The trade of these certificates is valid on 

the Nordic power exchange NordPool (Norway, Sweden, Finland and Denmark) (5). 

 

1.3 Hydropower and electricity in Sweden and Europe  

To have an idea about the importance of the hydropower production in Sweden for the 

electricity consumption, it is compared with Europe. The total electricity production in 

2009 for Sweden was 133,7TWh, and the hydropower energy supplied 65,2TWh (1). In 

percentage is around 50% of the total electricity power production while in Europe is just 

around 14% (2007). Below are attached some charts of the electricity production in 

Sweden. 
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Figure 1.2: Hydropower production in Sweden until week 19 (May 2009)  

 

 
Figure 1.3: Electrical production in Sweden until week 19 (May 2009) 

 

Taking a look on the graphs above and compare the hydropower production with the 

total, we can see that they have a similar progression along the year. The electricity 

production from hydropower plants in Sweden is much higher than any other resource. 

However, nuclear power is also important. On the other hand, in Europe the principal 

resources are first coal, then nuclear power, gas and finally hydropower on a fourth 

position. 

 

• Electricity price: 

The electricity price in Scandinavia is fixed by the Nord Pool. Next is stated the prices 

that the Nord Pool fixes for the Scandinavian countries, and a comparison between these 

prices and Swedish prices during the end of April 09 and middle May 09. It is also 
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interesting to take a look at the Scandinavian electricity price evolution during the last ten 

years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the first figure, the average electricity price is around 400 SEK/MWh, although in the 

beginning of May its value is the lowest and on September the highest. In the comparison 

between the Swedish and the System price, it is obvious that they follow a similar 

progression; however the System price is a bit more stable.  

 

About the last ten years, we can difference two zones. Before 2002 the average electricity 

price was around 200 SEK/MWh but in 2003 there was a large augment. The reason for 

this was the imposition of the new Electricity Certificate System in all the Scandinavian 

countries. After 2003 the price has been fluctuating around 400 SEK/MWh, double price 

than before 2002. 

 

Figure 1.4: Price of electricity on Nord Pool Figure 1.5: System and Swedish price of electricity 

Figure 1.6: System price of electricity on Nord Pool 
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1.4 Wij Trädgårdar 

Wij Trädgårdar is a place situated in Ockelbo (Sweden) where you can learn about nature, 

gardening, agriculture, crafts, arts, etc. There is a combination between the old life or 

work in Ockelbo and the gardens. Nowadays, they are trying to make stronger its 

environmental profile and give a solution for a sustainable life to make people conscious 

about the alternative energy uses. This is the reason why Wij has signed an agreement 

with Gävle Energi to produce renewable electricity like wind power, solar energy, 

hydropower, and biotechnologies. They also want to show how modern technology can 

offer sustainable energy to old landscapes.  

 

This project is going to be focused in the way to produce hydroelectricity in Wij 

Trädgårdar. There was a water turbine producing electricity in a place called Wij 

Valsverk, an old rolling mill factory. Nowadays is an industry museum that shows the old 

factory and exposes high quality art exhibitions. The name of the creek that moved the 

turbine is Laån, which borns in the lake Lasjön and ends at the lake Bysjön, situate 

downstream in Ockelbo.  

 

On the next pictures it is possible to see the building of Wij Valsverk that has been 

conserved till now and the plant view of the old factory. 

 

 

 
Figure 1.7: Building of Wij Valsverk 
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Figure 1.8: Plant view of Wij Valsverk with the old elements of the hydropower plant 

 

Nowadays, hydropower stations are a good solution to combat the problems caused by 

the pollution generated during the energy production, and also a solution for the 

greenhouse effect. The reason is the cero generation of CO2 and other pollutants. If you 

consider that Sweden is one of the richer countries in Europe on rivers and creeks, that is 

one of the best solution to reduce the emissions of pollutants to the atmosphere while it is 

producing electricity. In addition, water is a renewable resource that is possible to use 

with a very low cost and has a long life. 

 

1.5 Hydropower 

1.5.1 General 

Waterpower has been a source of energy for many centuries. Early developments utilized 

water wheels to drive mill stones and water pumps, and later, factory machinery. In the 

last century, a new system was invented to use the energy of the water, the water turbine 

to produce electricity. It began in a low-scale, with power plants producing low quantities 

of electricity for their necessity; and transformed into a big infrastructures producing big 

amounts of electricity to sell it.  

 

Nowadays, hydropower plants are the most common way to produce electricity in the 

world of renewable energies. The conversion efficiency and the machinery effectiveness 

have improved a lot in the last few years. In part because of that, small-scale hydropower 
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plants are beginning to be profitable and a lot of electricity producers are beginning to 

build them again. From 2005 until 2008, small-scale hydropower plants grew by 28% in 

the World (7).  

 

In Sweden, because the big quantity of lakes covering the country (around 10% of the 

area of Sweden), rivers and waterfalls, hydroelectricity has favourable conditions to be 

exploited. Nowadays, around 45% of the electricity production in Sweden become from 

hydropower plants.  

 

1.5.2 Advantages and disadvantages 

Nowadays everybody knows about the importance of using this kind of energy instead of 

coal, oil or natural gas, which contaminates the atmosphere. Hydroelectricity has also 

some disadvantages, but the great amount of benefits concerning this kind of energy 

production makes it very profitable. Here are list the most important ones (8). 

 

Advantages: 

 

• No fuel is necessary: The major advantage of hydropower plants is that they do 

not need any fuel to produce electricity. The electricity in those plants is 

produced by water (renewable energy). 

 

• Constant electricity cost: Refers to the first point, no fuel is required, and then the 

price for the electricity produced in the plant does not depend on the prices of the 

international market. It is also good that the country does not have to import the 

fuel so they can save a lot of money. 

 

• Non air contaminants are produced: Because no fuel is burned in the plant, the air 

keeps clean and no dangerous gases and particulates are send off. Thus the 

surrounding area is healthy for living. 

 

• Long life: Hydroelectric power plants have a longer life than thermal plants. 

There are stations built 100 years ago that are still running. 

 

• Cost to produce electricity: Although the huge initial investment for the dam 

construction and the turbine more than the other stuff, the cost to generate 
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electricity is cheap. This happens due to all the operations in the plant are 

automated so very few employees are required. Also the electricity produce is 

getting cheaper with the pass of the years because the initial cost is recovered. 

 

• Easily works during peak periods: Due to the water can be collected in the dam 

during the day, hydropower plants can work when the network needs to cover a 

peak. In compare with nuclear and thermal power plants, the hydroelectric plants 

can run with less time so usually nuclear and thermal power plants are used as 

basis on the network. 

 

• Agriculture use: The water from the dam can also be used to irrigate the 

agriculture lands close to it, when for a long period does not rain on the area. 

 

• Prevents floods: There is the possibility to control the flow of the river due to the 

floodgate. 

 

Drawbacks: 

 

• Bad influence on the aquatic ecosystems: Dams influence on the wild aquatic 

animal life and can produce large scale destruction. There are chances that fishes 

and other water animals go through the mesh and get crashed on the turbine, 

which causes damages on the installations and emergency stops. Usually to save 

this problem, close to the dam is built a path for the fishes to pass the plant during 

the breeding seasons and don’t get trapped in the turbine.  

 

• Influence in the surrounding areas: Most of the plants and animals around the 

area of the river depend on the continuous water flow. Due to the construction of 

dams a lot of areas have to be cleaned, a lot of trees are cut and animals’ life is 

disrupted cause of the change of the flow. 

 

• Big areas: To build the power plant is needed a large area because of the dam, the 

turbine location, switchgear and the connection to the main grid. A lot of forest 

has to be destroyed to emplace all the equipment and it has a bad influence on the 

natural ecosystem. 
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• Human displacement: When the dam for a big hydropower plant has to be 

constructed, a lot of space is occupied by the water reservoir. People that have 

been living there must move from the land to another place. The construction of 

the dam creates a lot of oppositions but also because of the poor remuneration the 

government gives to the inhabitants of these areas. 

 

• High investment: The initial cost of a hydroelectric plant is quite high. To 

construct the dam is a lot of money because each one is different of the others so 

the process cannot be standardized. Also the amount of different materials that 

are used in it and because takes so long to built due to a lot of designing, planning 

and testing studies, makes it even more expensive. Even all the money invests on 

the plant, there is a lot of risk for humans and the surrounding environment that 

should take care. 

 

• High quality materials: The materials which the plant is constructed must be high 

quality, and consequently very expensive, because any break on the dam and all 

the areas down the river can be sunken. 

 

• Specific location: The study for the best location of the hydroelectric power plant 

is very important because not every place is good. The location has to be 

somewhere with a lot of water available and with enough high, and also many 

other parameters should be studied. 

 

1.5.3 Classification 

The hydroelectric power plants are classified in three different aspects: the quantity of 

storage water in the dam, the available water head to produce mechanical energy and the 

nature of the electrical load on the plants. Each group is sub-classified in their own 

parameters (8). 

 

• Based on water storage: 

 

o Hydroelectric plant without pond: 

In this kind of plants there is no possibility to store water so the plant 

works while there is water running along the river. Therefore the plant 

generates electricity whenever water is available. During rainy seasons 
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the power output is the maximum possible because the flow is the 

highest, but when there is no water then any power is produced. 

 

o Hydroelectric plant with pond: 

Usually this kind of hydroelectric plants are used for the peak loads 

because they are easy to run and stop the production in compare with the 

nuclear and thermal plants, which are used as a basis in the main 

electricity production. In conclusion, it is possible to say that, during the 

day and off-peak, the plant does not produce electricity, just store water 

in the dam. At nights and during peak loads the water of the dam is used 

to generate power. In addition, talk about store water in hydroelectric 

plants is like store energy. 

 

o Reservoir hydroelectric plants: 

Reservoir power plants have a huge capacity to store water for the whole 

year. They fill up the reservoir during the raining season and store water 

the whole year. Of course the reservoir is built before the dam, and the 

water is conducted to the turbine through several gates by the penstock. 

These big hydroelectric plants can be used as base load plant or for the 

peak loads. Most of the hydropower plants around the world are like this 

type, if there is enough space to build them, because they can produce 

electricity during the whole time. 

 

• Based on the head of water available: 

 

o Small head: 

For the low head hydroelectric power plants, the existing waterfall is 

lower than 30 metres. Usually in this type of plants the dam is very small 

or even there is no dam and the production of electricity is only when is 

flowing enough water from the river. Therefore they produce only during 

the seasons when sufficient flow is going through the plant. 

 

o Medium head: 

The head of this sort of plants is between 30 and 300 metres. Thus is why 

medium hydroelectric plants are situated on mountainous areas where the 

reservoir can be enough to produce energy not just during the raining 

seasons. They can also store water. 
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o High head: 

The head of water here is the highest, more than 300 metres and also it is 

possible to have more than 1000 metres. These plants are the most 

common hydroelectric plants. Huge dams are built across the way of the 

river, and they have a large reservoir, so they can produce electricity 

during the whole year and fill them up during the raining season. They 

are the most constructed hydroelectric plants because they can adapt 

easily to the required loads of the grid, peaks and basis loads. 

 

• Based on the nature of load: 

 

o Base load: 

The base load type of hydroelectric power plants produces power all the 

time without taking care of the loads of the grid. They stop the 

production during maintenance. Although, they usually have another unit 

which keep producing while the other one is being repaired. The goal of 

run the power plant continuously is because produce the energy is very 

cheap. The majority of the power in the main grid comes from the base 

plants which handle a constant power output during the whole time. If 

there are any fluctuations on the energy demand then the smaller plants, 

that can be easily started and stopped, cover these peaks. The thermal and 

nuclear power plants are base type but also a lot of hydroelectric plants. 

 

o Peak load: 

Although most of the energy demand is covered by the base plants, there 

are hours during the day when more power is needed. Then is time to 

start running the peak load plants which the production of electricity is 

more expensive but they can be started and stopped easily so they do not 

produce during a long time. Hydroelectric power plants can be one of 

these plants but also diesel power plants. 

 

1.5.4 Components of an hydropower plant 

As you can see on the picture, more used hydropower plants are composed of different 

functionality parts (8): 
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Figure 1.9: Different parts of an hydropower plant 

 

• Dam: 

It is the most important part of the plant. The dam is built across the river which 

has enough water flow along the whole year. The dam should be located on a 

place with enough height and where sufficient water can be stored to take the 

maximum profit of the potential energy. 

 

• Water reservoir: 

Water reservoir is where the water is stored. The reservoir is located before the 

dam. The reservoir helps to increase the height of the natural waterfall, reason 

because people talk about the reservoir modifies the equilibrium of the river, but 

also give more potential energy to the water for a better use in the power plant. 

 

• Control gates: 

These gates are the ones built inside of the dam. The water behind the dam is 

controlled by those gates. They are called inlet gates because water goes through 

them to the unit generation. When the gates are opened, the water flows by the 

penstock towards the turbine. They also allow stopping the flow of water inside 

the turbine when it is needed. 
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• Intake:  

Is the entrance of the water to the penstock, and usually has some protections, 

like a mesh for the animals, ice, trees..., to do not allow them to enter inside the 

turbine, what can cause several problems to the installation.  

 

• The penstock: 

The penstock is the pipe which carries the water from the reservoir to the 

generation unit. The water along the penstock contains potential and kinetic 

energy. The potential energy is due to the height of the water and the kinetic part 

due to the motion of the water. The power output depends on the height of the 

water but also on the amount of flow is going through the pipe, controlled by the 

control gates. 

 

• Water turbines: 

After the penstock, the water enters inside the turbine. When the water falls on 

the blades of the turbine, the potential and kinetic energy from water is converted 

into rotation. Because of the rotation of the blades, the turbine’s shaft rotates too. 

Since the turbine’s shaft is fixed with the generator, it can produce an output 

power. Most of the hydroelectric plants have more than one power generation 

unit. There are different types of turbines as Kaplan, Francis, Pelton, etc. The 

choice of the right turbine depends on the available water head, the amount of 

water storage and the capacity to generate power. 

 

• Generators: 

In the generator is where the energy rotation of the turbine is transformed into 

electricity. It is the rotation of the shaft which produced magnetic field and 

converted into electricity by electromagnetic field induction.  

 

• Transformer: 

The electricity produced by the generator has not enough voltage. The alternating 

current is transformed by the generator to a higher voltage. All transformers 

comprise two coils: Supply and outlet coil. The supply coil as it name says, 

supplies the outlet coil. The end voltage depends on the number of turns the outlet 

coil has. For example if the turns in the outlet is four times the supply coil, then 

the voltage is four times too. The transformer is connected to the network; from 

where the power is supplied for domestic or industrial use.  
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• Tail race: 

The tail race is the pipeline where the water goes to the river after has been used 

to produce energy in the turbine. The height of the tail race is the lowest of all the 

station; hence all the kinetic and potential energy of the water has been used. 

 

1.5.5 Types of turbines 

The aim of the water turbines is to transform the kinetic and potential energy of the water 

to mechanical energy through the rotation of the shaft. Therefore with the generator this 

rotation is converted to electricity. In order of how the mechanical energy is produced it 

is possible to classify the turbines in two different types: 

 

• Action turbines: 

They work with a constant static pressure due to the high speed that the water jet 

has after the nozzle of the injector. So during the energy transformation the static 

pressure remains the same and it is after the water impacts on the fixed blade 

when it loses almost all the energy.  

 

• Reaction turbines: 

In reaction turbines the static pressure decreases between the inlet and the outlet 

of the runner. Because of the turbine is partially or totally immersed into the 

water, the pressure of the water affects the runner’s blades decreasing its pressure 

value. 

 

After this general classification we can get into the most important types of water 

turbines, depending on the design of the impeller. These are Pelton, Kaplan, Francis, 

Cross-flow and Turgo turbines. 

 

• Pelton turbine: 

This turbine was invented for Sr. Lester Allan Pelton in 1879. They are action 

turbines and are used for big heads of water (20 to 1000 metres) and small flows 

(between 0,01m3/s and 20m3/s). They are able to work with the 10% of their 

nominal flow and the efficiencies can be higher than 90%. Moreover, they can be 

installed in horizontal position, with one or two water injectors, or vertical 

position, with three or six. On the figure below, you can see the parts of the 

turbine: 
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Figure 1.10: Pelton turbine 

 

The turbine has two important parts, the distributor and the runner. The 

distributor is composed of one or more injectors. In every injector there are a 

bunch of mechanical elements, which inject the water from the pipe to the runner 

with a high speed. In addition, the number of injectors around the runner depends 

on the required power output and other characteristics, like the available head of 

water. It is also possible to join another runner on the same shaft. 

 

The injectors are built with a circular nozzle at the end of the penstock, with a 

diameter between 5 and 30 cm, which directs the water in a tangential way to the 

runner. A needle valve is situated inside each nozzle and its function is to control 

the flow to the runner. Most of these valves have a deflector which deflects 

partially or totally the water jet. Its function is to protect the pipe and turbine 

about water hammer problems. 

 

The runner of the turbine is a solid circular piece where on the outside there are 

all the blades, which have spoon shape (buckets). These spoons are a solid piece 

where the water jet impact and makes the shaft turns.  

 

• Kaplan turbine: 

The Kaplan turbines were invented by Victor Kaplan, from Austria. They are 

reaction turbines with total admission. They are used for small heights (from 1 to 

30 meters) and from small to big flows (0,3-1000 m3/s). Kaplan turbine is 

available to work from the 25% of the nominal flow with efficiencies higher than 

90%. The parts of the turbine are showed below: 
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Figure 1.11: Kaplan turbine 

 

There are two types of Kaplan turbine, the real Kaplan turbine and the Semi-

Kaplan turbine. The difference between them is the possibility to regulate the 

orientation of the distributor’s blades. All the Kaplan turbines can regulate the 

runner blades (this is the cause of the high efficiency) but only the true Kaplan 

turbine is up to move the distributor’s blades. There exist also propeller turbines, 

which are like Kaplan turbines, but without the possibility to adjust the blades. 

 

As it is said above, the high efficiency is due to the orientability of the blades. 

This changes the impact angle of the water jet on the blades and gets a constant 

speed independent of the water flow. Usually, at the end of the turbine is 

constructed a specially shaped draft tube that helps to recover the energy of the 

water that has not been spent in the turbine. 

 

• Francis turbine: 

Francis turbines were designed by James B. Francis. They are reaction turbines 

with total admission. The characteristics, to get a good efficiency for the turbine, 

are working with medium height (between 4 and 300 meters) and flows from 1 

m3/s to 500 m3/s. Years ago these type of turbine was the most used due to the 

large range of height and flows which they work, and efficiencies around 90%. 

But nowadays Kaplan turbines substitute them. Next figure shows the parts of the 

Francis turbine: 
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                        Figure 1.12: Francis turbine 

 

The turbine is basically divided into four parts, the distributor, the runner, the 

draft tube and the scroll case. The water is conducted  to the distributor’s blades 

through the scroll case, which has this shape to give the water high velocity, and 

then it pass to the runner with the appropriate orientation and velocity. The blades 

of the distributor have the function to distribute and control the water flow, and 

also stop it if it is necessary. The movement of the blades is given by a hydraulic 

engine.  

 

The runner’s blades are always fixed in compare with Kaplan turbine. They are 

made of special alloy steel to avoid the corrosion and possible cavitation. The 

angle and the length of each blade depend on the water flow and the head of 

water available. 

 

Finally when the water goes out after pass by the blades of the runner, there is a 

draft tube to profit the remains kinetic energy of the water like in Kaplan 

turbines.  

 

• Cross-flow or Ossberger turbine: 
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The Cross-flow turbines 

and flow). These turbines are useful for 

water flows of 0,04-13 m

 

The Ossberger turbine has a radial, partial 

revolution speed. The distributor gives to the water stream a rectangular section. 

At the beginning the water goes from the outside to the inside blades and the 

other way around after pass 

path the water takes permits the runner to clean 

things that come with the flow.

 

        Figure 

 

The Cross-flow turbines are good for installation where the flow changes a lot. 

This is possible because these turbines have different cells inside. The normal 

division is 1:2. When the water flow is low then it uses just one cell and the 

approximate efficiency is around 80%. If there is a medium flow, it uses the 

second cell which is double size of the first one. The expected efficiency could be 

86%. In cases that the water flow is too high, it can use both cells to work as it is 

shown on the next figure:

 

turbines are always adapted to the specific conditions (water head 

and flow). These turbines are useful for heights between 2,5 to 200 meters and 

13 m3/s.  

The Ossberger turbine has a radial, partial admission and a low sp

revolution speed. The distributor gives to the water stream a rectangular section. 

At the beginning the water goes from the outside to the inside blades and the 

other way around after pass through the runner to leave the turbine. That special 

permits the runner to clean itself automatically of the small 

things that come with the flow. Below there are the parts of this type of turbine:

 

 

Figure 1.13: Cross-flow turbine parts 

flow turbines are good for installation where the flow changes a lot. 

This is possible because these turbines have different cells inside. The normal 

division is 1:2. When the water flow is low then it uses just one cell and the 

fficiency is around 80%. If there is a medium flow, it uses the 

second cell which is double size of the first one. The expected efficiency could be 

86%. In cases that the water flow is too high, it can use both cells to work as it is 

re: 

to the specific conditions (water head 

to 200 meters and 

and a low specific 

revolution speed. The distributor gives to the water stream a rectangular section. 

At the beginning the water goes from the outside to the inside blades and the 

the runner to leave the turbine. That special 

automatically of the small 

Below there are the parts of this type of turbine: 

flow turbines are good for installation where the flow changes a lot. 

This is possible because these turbines have different cells inside. The normal 

division is 1:2. When the water flow is low then it uses just one cell and the 

fficiency is around 80%. If there is a medium flow, it uses the 

second cell which is double size of the first one. The expected efficiency could be 

86%. In cases that the water flow is too high, it can use both cells to work as it is 
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   Figure 1.14: Cross-flow turbine efficiency (%) at different loads 

 

• Turgo turbine: 

Turgo turbine is an impulsive water turbine which is supposed to substitute 

Pelton and Francis turbines with medium water head. The efficiency is up to 

90%. The advantages of this kind of turbine against Pelton and Francis are: 

o Lowest investment to build the runner. 

o It does not need an airtight space like the Francis turbine. 

o It works better, with a higher specific speed, with the same flow than a 

Pelton wheel of the same characteristics. 

 

The principle of a Turgo turbine, start with the entrance of the water to the 

turbine, the pressure remains constant and the potential energy of the water is 

converted to kinetic with a nozzle. The nozzle injects the water stream to the 

blades that makes the turbine shaft to rotate and produce electricity with the 

generator. Turgo turbine can have single or multiples nozzles. When the number 

of jets increases, the specific speed too. Below there is a picture of the parts of a 

Turgo turbine: 
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  Figure 1.15: Parts of a Turgo turbine
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2 SCOPE 

2.1 Purpose 

Because the future objective of Sweden is to produce all its energy consumption with 

renewable sources, new resources have to be found. As a consequence, the Electricity 

Certificates System has been imposed and new renewable plants should be incorporated 

on the system the next years, because the increase of the electrical demand, in order to 

achieve the minimum certificates that the producers are obliged to obtain.  

 

Gävle Energi is a company from Gävle (Sweden) that its function is to develop, produce 

and sell products related with energy. Because the Electricity Certificate System and to 

extend the company, Gävle Energi is interested into re-build an old hydropower plant 

situated in Ockelbo. The objective of the company is to build the new hydropower plant 

and produce as much energy as possible in the most effective way.  

 

The aim of the project is to analyse the land, design the best equipment for its 

characteristics, and find suppliers that provides with the low cost possible. The project is 

divided into two parts, the pre-study and the management part. Firstly, it is done a land 

survey and a study of which turbine and equipment should be placed. The objective of 

this part is to make an idea of how much energy could be produced and know which kind 

of equipment should be installed. It will guide how to do the second part of the project.  

 

The objectives of the second part of the project are to do a draft of the final solution for 

the hydropower plant, and organize the work and deliveries needed to accomplish the 

requirements of the project. Another objective is trying to re-use as much components as 

possible from the old installation. Also, an economical study defining the business 

benefits and the total cost of the project are included. In conclusion, the main objective is 

to specify why, who, where, when and how it is going to be installed the new hydropower 

plant. 

 

2.2 Included 

In the first part, the goals that the project achieve are: 

• Head of the water. 
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• Flow rate of the creek. 

• Type and dimension of turbine that fits better with the characteristics of the river 

and the head of the water. 

• Type and dimension of the generator and mechanical coupling. 

• Estimation of the power output and the amount of energy produced during a year. 

 

And in the second part: 

• Business case: 

o Expected business benefits. 

o Expected cost of the project. 

o Justification of the project. 

o Stable foundation for the business. 

• Project directive: 

o Basis and pre-requirements for starting the project. 

o Setting time and cost frameworks for the preparation work. 

o Benefits for the customer. 

o Give the direction and the scope for the project. 

o Basically, give high-level information on what needs to be done and why, 

who will need to be involved in the process, and how and when it will be 

done. 

• Project specification: 

o Name the different persons who take authority for the different groups 

(Business Sponsor, Steering Group and Project Manager). 

o Specify the suppliers for the different parts of the project. 

o State the time-schedule with the activities to carry out the project. 

o Complete the budget for the project including the risk budget. 

o Define the definitive solution taken. 

o Basically, clarify how to develop the project. 

 

2.3 Limitations 

The project has some limitations listed below:  

• Difficulty to get data of the creek studied. Since it is not an important river in the 

area in compare with the others around, there is no station where to obtain data of 

the creek characteristics, like the flow of the creek. 



 35

• Due to the old style of the museum, the design of the new hydropower plant is 

affected. The museum owners want to conserve this old image of the building so 

the new equipment should be hidden. 

• It is difficult to get the old information of the building, and also draws of the old 

hydropower plant. This information is necessary to understand if it is possible to 

re-use the current installation still in the site. 

• The switchgear, that transforms the electricity produced by the generator to a 

high voltage one, is not studied on the project. Also the connection between the 

generator output and the electrical network, passing by the switchgear, is not 

included.  

• The study of the environmental impact of the new hydropower plant is not 

included on this project because it is a reconstruction of a plant. It means that as 

the dam and the reservoir are already built, no changes on the river conditions are 

going to be done. 
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3 METHODOLOGY and THEORY 

To obtain the best solution, as it is said before, the project is going to be divided into two 

parts, the theoretical part and the management project.  

 

3.1 Preliminary study 

The first part should clarify an estimation of the energy output that is possible to obtain 

with a specific turbine and generator. The study of the turbine and generator will be used 

later to contact supplier for similar mechanisms as the theoretic ones. 

 

3.1.1 Land survey 

First of all, a land survey is needed to know the hydraulic characteristics of the place to 

later on, base the specifications on the study. The land survey should clarify two aspects 

of the place, the flow rate of the creek and the head of water. 

 

3.1.1.1 Flow rate 

The flow rate (Q [m3/s]) of the creek is going to be defined as an approximation from a 

different river near this one, because there is no data anywhere about it because of its low 

dimension. This approximation is going to be based on the mean flow of a year, founded 

by a hydrological study at the draining area of the creek.  

 

After finding the mean value of the flow of the creek Laån for a year, it is needed the 

mean values, maxims and minimums for each month. These ones are going to be 

estimated from the mean values, maximums and minimums during the last 29 years of the 

river Testseboån, situate after the lake Bysjön, where the creek Laån finishes. These 

values are going to be represented as percentages over or below the yearly mean value, 

and then extrapolated to the creek Laån. 

 

3.1.1.2 Head of the water 

The head of the water is going to be calculated by topography, using a Total Station 

Geodimeter 640. Because there is no optical visualization between the dam and the outlet 
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of the creek, there are two different steps. The parameters that must be considered are 

showed on the next figure: 

 

 

 
Figure 3.1: Sketch of measurements of the head of water  

Using trigonometric, the parameters are defined as the next equations, with the angles in 

[grad]: 

 

tan � � ��
�      [-] (3.1) 

	
 � 	� � sin �     [m] (3.2) 

∆� � � � � � �   [m] (3.3) 

Where   ∆z = H = Gross head   [m] (3.4) 

 

However, there are some head losses in the installation that reduces the effective energy 

that the water gives to the turbine. These losses are represented on the net head, which is 

the gross head minus the load losses on the installation, like losses from trash racks, 

bends, valves, sudden reductions or frictions on the pipe. 

 

The current installation does not have any bend. Otherwise, the losses caused by friction, 

trash racks, valves and sudden reductions of the diameter on the pipe can be calculated as 

(2): 
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• Head losses due to friction on the pipe: 

 

For pipes with a certain incompressible volume of fluid and steady flows, the head losses 

cause frictions (hf) are determined from Darcy and Weisbach as: 

 

�� � � � �
� � ��

���   [m] (3.5) 

 

Where  f Friction factor  [-] 

 L Longitude of the pipe [m] 

 D Inside diameter of the pipe [m] 

 V Average water velocity [m/s] 

g Standard gravity [m/s2] 

 

The friction factor (f) can be calculated using the Moody diagram: 

 

 
Figure 3.2: Moody diagram 

 

Where  Re Number of Reynolds [-] 

 Kinematics viscosity of the [m2/s]  ע 
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fluid   

 ks Rough of the pipe [m] 

   

• Head losses due to trash racks: 

 

The head losses that cause a trash rack (ht) usually at the intake can be calculated with the 

formula developed by Kirschmer: 

 

�� � �� � ��
� 

! "# � ��
��� � sin $  [m] (3.6) 

 

Where kt Type of bar  [-] 

 t Bar thickness  [mm] 

 b Width between bars [mm] 

 Ø Angle of inclination from [º] 

  horizontal of the trash rack  

 

• Head losses due to sudden contractions: 

 

The head losses caused by contractions on the pipe (hc) can be calculated as: 

 

�% � �% � �&�

���    [m] (3.7) 

 

Where kc Coefficient of contraction [-] 

 Vf Average velocity of the fluid [m/s] 

  after the reduction  

 

The coefficient of contraction depends on the ratio of contraction (d/D), and can be 

approximated with the next equation for d/D higher than 0,76: 

 

�% � 0,42 � �1 � ,�
��    [-] (3.8) 

 

Where d [m] and D [m] are defined on the next figure: 
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Figure 3.3: Reduction on a pipe 

 

• Head losses due to valves: 

 

Normally the installations have two valves, one on the intake and one on the entrance of 

the turbine. The first one only stops the water flow through the penstock for reparations. 

And the second one regulates the flow rate that enters the turbine. The head loss caused 

by the second valve varies with its aperture, and it is going to be approximated.  

 

Finally, the net head can be calculated as: 

 

-. � - � �� � �� � �% � �/  [m] (3.9) 

 

3.1.2 Net power 

The net power that the turbine can receive from the river (Pnet) can be defined with the 

next equation from (2): 

 

0.1� � 2 � -. � 3 � 4   [W] (3.10) 

 

Where  Q Flow rate  [m3/s] 

Hnet Net head   [m] 

ρ Water density  [kg/m3] 

 

3.1.3 Turbine description 

Define a turbine includes many specifications that should be taken in consideration. 

Continuously there are the necessary steps to define a turbine. 
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3.1.3.1 Type of turbine 

The most usual types of turbine are Kaplan, Pelton, Francis, Cross-flow and Turgo. Each 

one is used for different conditions of flow rate and head of water as it is showed on the 

next figure from (3).  

 

 
Figure 3.4: Types of turbines for different net heads and flows 

 

Also, some characteristics of the turbine can be defined with the next figure from (4), like 

the type of turbine, the specific speed of the turbine, the position of the axis and the 

diameter of the runner. 

 



 43

 
Figure 3.5: Specifications of a turbine for a determined power and head. 

 

3.1.3.2 Specific speed, rotational speed and runaway speed  

The specific speed (nQE) is a parameter that defines any turbine. It is used when the 

turbine is modelled preliminary in a laboratory, and is defined as in (2) like: 

 

567 � .�86
√7:;     [-] (3.11) 

 

Where  n Rotational speed of the  [s-1] 

turbine   

 Q Flow rate  [m3/s] 

 E Specific hydraulic energy [J/kg] 

 

The specific hydraulic energy of the machine is defined as: 

 

< � -. � 4    [-] (3.12) 

 

Also, there are different specific speeds values corresponding to different suppliers. For 

example, the specific speed with SI units (ns) is defined as: 

 

5= � 995 � 567   [rpm] (3.13) 
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Another parameter to consider is the runaway speed (nmax), which is the maximum 

rotation that the turbine can support.  

 

3.1.3.3 Runner diameter 

As it is showed on the next picture, for a Kaplan turbine the runner diameter is defined by 

two parameters, the runner outer diameter (De) and the runner hub diameter (Di). 

 

 
Figure 3.6: Runner radius 

 

These parameters are defined by (2) as: 

 

	1 � @!,A�BC,DEFG,HC��.IJK�8LM
HC�.   [m] (3.14) 

 

	N � O0,25 � C,CEAG
.IJ

P � 	1   [m] (3.15) 

 

3.1.3.4 Number of blades 

The number of blades (Z) of the turbine can be defined by the ratio of the diameters of the 

runner (v) and it is tabulated. Also it can be determined by the specific speed or by the net 

head. The relation of the cube is defines as: 

 

Q � �R
�S

    [-] (3.16) 

 

3.1.3.5 Cavitation 

Cavitation is a common problem of hydraulic machines that produces a high noisy effect, 

and also large pressures in specific places where that can be seriously damaged. The 
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phenomenon happens when the hydrodynamic pressure of a liquid is flowing falls under 

the vapour pressure of the fluid, and as a consequence small bubbles of vapour are 

formed and transported by the flow from the low-pressure region to regions of higher 

pressure, where the bubbles cannot support it and condense in an imploding way 

(collapse). This collapse causes very high impulse pressures, and like in reaction turbines, 

this can destroy easily the blades of the runner of the turbine. In Kaplan turbines, this can 

occur on the inlet of the runner or on parts with a high flow velocity (parts with low 

pressure). 

 

However, cavitation can be prevented with a good installation design. The suction head 

(Hs) determines the head where the turbine is placed, as it is showed on the next figure. 

To avoid cavitation, the maximum suction head is determined by the next equation from 

(2): 

 

 
Figure 3.7: Suction head for a vertical Kaplan turbine 

 

HU � VWXYZV[
\�� � �&�

��� � ] � -.   [m] (3.17) 

 

Where Patm Atmospheric pressure [Pa]  

 Pv Vapour pressure [Pa] 

 Vf Outlet average velocity [m/s] 

 σ Cavitation coefficient [-] 

 ρ Water density  [kg/m3] 

 

The cavitation coefficient is calculated by modelling tests, but also can be determined by 

statistical studies. For Kaplan turbines, σ is determined by the next equation: 

 

σ � 1,5241 � 567
G,!H � �&�

����LM
    (3.18) 
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Combining (3.17) and (3.18), the maximum suction head is calculated to avoid cavitation 

on the system. 

 

3.1.3.6 Power output 

The power output of the turbine can be determined by the next equation: 

 

0^ � 4 � 3 � 2 � -. � η_`. � η_1% � η/ab  [W] (3.19) 

 

Where ηman Manometric or hydraulic  [-] 

  efficiency    

 ηmec Mechanical efficiency [-] 

 ηvol Volumetric efficiency [-] 

 

The manometric or hydraulic efficiency is defined as the relation between the effective 

power (Pef) that the runner can exploit with the net power. It is defined as the next 

equation: 

 

η_`. � VS&
VM

� LS&
LM

   [-] (3.20) 

 

The mechanical efficiency defines the energy losses by friction on the bearings of the 

turbine. And finally, the volumetric efficiency is defined as the relation between the flow 

used to move the runner and the flow given to it.  

 

Also, the total efficiency of the turbine is determined by the manometric, mechanical and 

volumetric efficiencies as it is stated on the next equation: 

 

ηdefghij � ηkli � ηkjm � ηnop  [-] (3.21) 

 

On the next figure it is possible to see the total turbine efficiency for different types of 

turbines related to the rate of discharge (5): 
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Figure 3.8: Total efficiency of different types of turbines in function of the discharge 

 

3.1.4 Generator and turbine-generator mechanical coupling 

The generator is the responsible to transform the mechanical energy into electricity. The 

shaft of the turbine gives the mechanical energy to the generator. To transmit this energy 

is needed a coupling between the two axis of the machines. If the turbine and the 

generator are designed to operate at the same rotation, a direct coupling is the best 

solution because the losses and the maintenance are minimal. But sometimes, turbines 

works at less speed than standard generators and a speed increaser is needed. 

 

The function of the generator, as said above, is to transform the mechanical energy 

received by the transmission system into electrical energy. Also, a three-phase alternating 

current system is included with the generator to adjust it into the commercial electrical 

systems. There are two different types of generators, synchronous and asynchronous 

generators.  

 

However, for small-scale hydropower plants, synchronous generators are very expensive 

and asynchronous generators are used in spite of a lower efficiency. On the other hand, 

asynchronous generators have the ability to generate useful power at different speed of 

(a) Propeller turbine ns=1050; (b) Propeller turbine ns=650; (c) Francis turbine ns=500; 

(d) Francis turbine ns=250; (e) Kaplan turbine ns=230; (f) Kaplan turbine ns=500; (g) 

Pelton turbine ns=10 to 30. 
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the rotor. Asynchronous generators are squirrel cage induction motors with no regulation 

of voltage, and they run at the speed related to the system frequency. They produce 

electricity when the speed of their rotor is higher than the synchronous frequency. The 

standard voltage that they produce the electricity is 400V or 690V, able to be used by 

standard transformers. 

 

3.1.5 Energy output 

The average annual energy produced by the generator is a function of the flow rate, the 

net head, the efficiencies of the turbine, mechanical transmission and generator, the 

specific weight of the water, and the number of hours that the plant is running at the 

specified flow. It is calculated using the next equation (E in [Wh]): 

 

< � 2 � -.1� � ρ � g � r_`. � r_1% � r/ab � r�
`.= � r�1.1
`�a
 � � (3.22) 

 

Where  Q Flow rate  [m3/s] 

 Hnet Net head  [m] 

ρ Water density  [kg/m3] 

g Standard gravity [m/s2] 

 ηman Manometric efficiency  [-] 

turbine   

ηmec Mechanical efficiency  [-] 

turbine   

 ηvol Volumetric efficiency  [-] 

turbine   

ηtrans Mechanical transmission [-] 

efficiency  

 ηgenerat Generator efficiency [-] 

 h number of hours at Qmean [h] 
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3.2 Management project  

Talking about the management of a project means to carry out an idea and make it 

possible. The possibility goes first through some documents (Business Case (12), Project 

Directive and Project Specification) that must be filled them up and sign by the 

corresponding people, specified later. In the realization of any project there are three 

important organizations and their roles in it to make feasible the project. These groups 

are: the Business Sponsor, the Steering Group, and the Project Manager. All of them are 

essential for the project and each one has a defined role. Further on it is explained in 

detail each document and the importance of each organization (13). 

 

As it is said above all projects become with an idea and turns into a final result. Any 

project must specify clear objectives to analyze them in the results. The results must be 

compared with the objectives to see if they have been completed.  

 

 
Figure 3.9: Specifications to run a project 

 

In order to define the objectives, it is important to think that they have to maximize the 

business value. So the most important thing is having the highest returns for the company 

which invest in the project. When the objectives are established, the next step is to select 

the right project to complete the stated objectives and after run it effectively. To do that is 

important to have the good techniques and strategies, but mostly a good attitude and 

behaviour towards the project. It is essential to emphasize that any task follows several 

phases and each one has its decision points and key documents to handle.  

 

 
Figure 3.10: Phases of a project 
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First of all is the Business Justification where the project is defined. After this comes the 

Development phase where is clarified the project cycle. And finally, it is the Introduction 

which contains the part of how to use the solution. Below is stated in more detail each 

phase: 

 

Business Justification:  

The purpose of this phase is to create a stable foundation for the business and the project. 

This will include how to motivate the business benefit, to make the overall choice of the 

solution, ensure feasibility, and clearly define what the project should do. During this 

phase there are three decision points but the most important one is at the end, when two 

of the documents mentioned before must be finished. These ones are the Business Case 

and the Project Directive. 

 

Development: 

The aim of this phase is from the Project Directive done before, plan and carry out the 

project. Thereafter, it will be available to act within the frames of the Project 

Specification (next document which should be done before this step finishes) to achieve 

the objectives on time, with the right function/quality, and at the right cost. During the 

Development there are two decision points, the first one is more or less before the middle 

of the phase (point 4) where the Project Specification must be done. The next point (5) is 

at the end of the phase. At this point it must be accepted the solution and close down the 

project report.  

 

Introduction: 

The purpose of the introduction phase is to find out the most effective way to increase the 

utilization rate of the solution to be in full operation. Once there, the result should be 

measured and compared against the Business Case, which has the basis for the project 

and the business. This part can be done in many different ways and they are very 

dependent on the nature of the project and the solution delivered. In our project it does 

not take care of this part since it has to be done after the hydropower plant is built and 

running to extract real results and be capable to realize this phase. 

 

After all the phases have been described above to realize the project, it is essential now to 

understand the different organizations that are involved in every project, their 

responsibilities, and the different authorities of each one. These organizations are, 
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beginning with the most powerful in any task, the Business Sponsor, the Steering Group, 

and the Project Manager. Continuously are described all of them: 

 

o Business Sponsor: 

It is the most important person in any project. So he/she is the maximum 

authority. The responsibilities are to assure the business benefit with the 

project, and clarify the project’s objectives and scope. That means he/she is 

the responsible to write the first document, Business Case. 

 

o Steering Group: 

The Steering Group is situated in the position above the Project Manager and 

right below the Business Sponsor in authority. They are the responsible for 

the Project Directive, which has to be signed by them and the Business 

Sponsor, before the Project Manager could start the Project Specification. In 

order to clarify the other responsibilities of this group, they are stated below: 

� Control the project at a general level. 

� Act on the issues and problems raised by the Project Manager. 

� Support the Project Manager. 

� Guarantee the reception of the project delivery. 

� The Steering Group also have several points regarding its 

authority in the project: 

• They can act with the frame of the project definition. 

• Decide on changes sanctioned by the Business Sponsor 

regarding the project scope (time, function, quality and 

money) 

• Accept or reject the Project Specification. 

• Hire or dismiss the Project Manager. 

 

o Project Manager: 

The Project Manager is the person right below the Steering Group and it is 

the responsible to write the Project Specification (13). He/She has several 

responsibilities regarding with the Steering Group. The Project Manager must 

report the project’s status to them and the other stakeholders. He/She also has 

to highlight the issues that are outside his/her power. On the other hand, the 

Project Manager has some authority points too: 

� Establish the project organization and project staff. 
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� Acting in line with the companies’ policies, ethical codes, laws, 

agreements and the Project Directive within the framework of 

time, money and quality/functionality. 

 

3.2.1 Business Case 

Background: 

In this part has to be explained the current situation of the place where the project will 

take place but without getting down in technical details. It is also important to define the 

business opportunity that the solution is trying to address. The purpose and rules for the 

documents are defined here. 

 

Business objectives: 

This section clarifies the business solution that the project will accomplish. In order to 

stated the correct objectives that ones have to be focused in goals, not operations and on 

outputs, not production. The business objectives shall be clear, measurable, and 

verifiable. The scope for the business solution is described here with the included and 

excluded parts to complete the project. It is also attached an estimation of the project’s 

budget. 

 

Alternatives: 

In case the business solution proposed cannot be accomplished, in this section should be 

described other possibilities to complete the business solution and the explanation why 

some of them have been eliminated as viable alternatives. 

 

Gävle Energi FIT: 

The points included in this part are a strategic alignment, where the strategic goals are 

described and the financial part, where the financial and economical models that are used 

at the company are described. 

 

Business risks: 

A list with any known risk with its suggested business solution. All the risks should be 

quantified. 

 

Dependencies: 

Outline the internal and external factors for a successful delivery of the business solution. 
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Critical success factors: 

It must be explained the critical factors for the successful realization of the business 

solution. 

 

Achievability: 

This section describes the viability of the business solution’s realization. 

 

Stakeholders: 

Outline the main stakeholders and their contribution to the project. 

 

3.2.2 Project Directive 

Introduction: 

The points included are the purpose, rules and a background of the place based on the 

current situation. The purpose of this document is to define the overall scope and 

limitations in terms of financial and timing. Regarding the rules, the document must be 

signed by the Business Sponsor and accepted by the Project Manager. 

 

Business goals/benefits: 

Define the business goals expected for the project. 

 

Project Objectives: 

The objectives will be well defined and measurable. It has to be explained what it is 

achieved and by when. 

 

Special conditions: 

List any items that are known to have a significant bearing on the project. 

 

Organization: 

List the different roles of people for the project and the name of who it is. 

 

High-level requirements: 

In this section should be described the different requirements for the project. Define the 

triple constrain (Cost, Time, Function/Quality) is very important to advance on the 

project. Also it has to be pointed the milestones to follow for the realization. In this part 

must be included all the financial things with all the requirements related with marketing 

and sales. It is also stated the laws and regulations that the project has to follow. 
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Criteria for success: 

Shall be listed the successful points for the stakeholders and also recommendations based 

on other successful similar projects to carry out this one. 

 

Scope: 

A description of the project requirements must be described with the included and 

excluded parts. 

 

Risk: 

Describe the main project risks, and quantify them (15). 

 

3.2.3 Project Specification 

Introduction: 

In this point is specified the Business Sponsor, the business goals that the project supports 

and also the project objectives. It is described the strategies the project follows and its 

dependencies. 

 

Solution: 

This section provides an overall description of the solution chosen for the project. 

 

Scope: 

It is a detailed description of the project scope and its limitations. It is also described the 

parts that are included and excluded in the project. 

 

Planning: 

The result of planning a project is to have a time-schedule containing activities, 

dependencies, milestones and the decision points. It is useful to attach a Gantt diagram to 

clarify the time plan. 

 

Organization: 

It is defined the Project Manager, the Steering Group, and the Reference Group. A project 

organization helps to understand the project’s distribution. 

 

Budget: 

The Project Manager is responsible of this part. His responsibility includes: 
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o Preparing a detailed project budget. 

o Regularly monitoring financial outcome, and analyzing possible 

deviations.   

o Forecast the project costs. 

 

Deliverables: 

It is a list of the delivery criteria that have to be satisfied in order to complete the project. 

 

Risks: 

Perform a risk analyze thinking in the probability and the impact on the project. The risks 

must be analysed and quantified if they are important. It has to be added the risk budget 

on the final cost of the project.  
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4 RESULTS 

4.1 Preliminary study 

4.1.1 Land survey 

4.1.1.1 Flow rate 

The specific flow area of Laån is about 12 l/s/km2 as a long-term yearly mean value. 

There is no discharge station in this creek, which is draining an area of 87,5 km2 before 

arrives at the lake Bysjön (6). The mean flow rate can be calculated as: 

 

stuvw � 12 b =#
x_� � 87,5��� � 1050 b

= � {, |} t~
�    

 

Downstream Bysjön, in the main river Testseboån, the discharge station 51-2240 

Konstdalsströmmen is situated. The approximation of the monthly flow rate of the creek 

Laån based on the data of the river Testseboån over 29 years (7) is showed in the next 

table and figure: 

 

Month Q [m3/s] Max [m3/s] Min [m3/s] 

January 0,74 1,43 0,19 

February 0,67 1,25 0,26 

March 0,75 2,03 0,19 

April 2,02 5,07 0,51 

May 2,21 6,25 0,57 

June 0,80 1,80 0,24 

July 0,70 3,37 0,11 

August 0,64 1,78 0,08 

September 0,95 4,21 0,10 

October 0,95 3,03 0,12 

November 1,13 4,21 0,20 

December 1,04 3,20 0,26 

Table 4.1: Flow rate of the creek Laån 
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Figure 4.1: Flow rate distribution during the year of the creek Laån 

 

The turbine is going to be designed with the mean flow of water in order to do not over 

dimension the turbine with the maximum flow obtained on some months. The reason is 

because on the designed flow is where the efficiency of the turbine is higher, and should 

be working as much time as possible at this condition. As it is possible to see on the 

figure 4.1, the flow rate is almost constant around 1m3/s, and just in April and May there 

is a peak. In addition, during April and May, the demand of electricity is lower than 

during most of the year, so the necessity to produce all the energy available is not so 

indispensable. 

 

Also, the turbine can work with higher and low values using all the water available on the 

creek. The minimum flow rate of the turbine is defined by a percentage depending on the 

type of turbine. For a Kaplan turbine, as it is going to be described later, this coefficient is 

around 30% by (2), and the minimum flow useful (Qmin) is:  

 

2_N. � � � 2_1`. � 0,3 � 1,05 � 0,315 �" �#   (4.1) 

 

If it is compared the minimum flow with the table 4.1, it is not usual to have the mean 

flow of water below the minimum value, just in occasional periods, so this design is good 

for the characteristics of the site. 
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4.1.1.2 Head of water 

It is necessary two different steps to calculate the head of the water as it is said before. 

The first one is the measurement between the head of the water in the outlet of the turbine 

and an existent bridge over the creek. Following (3.1), (3.2) and (3.3) equations and with 

the values given by the total station, the head between these two points is: 

 

 V1 = 107,6449g    

 Dg1 = 15,682m      Dr1 = 15,569m 

 i1 = 1,48m   t1 = -1,879m 

 m1 = 2,15m   ∆z1 = -2,549m 

 

Following the same procedure, the second step is between the same bridge over the creek, 

and the water level on the reservoir. The results are: 

 

V2 = 99,0460g   

Dg2 = 72,956m      Dr2 = 72,948m 

 i2 = 1,48m   t2 = 1,093m 

 m2 = 0,07m   ∆z2 = 2,503m 

 

Finally, the gross head of the water available is: 

 

H = -∆z1 + ∆z2 = 5,052m  

 

As it is explained before, there are some head losses on the installation that has to be 

considered. These ones are losses on the pipe due to friction, losses on sudden 

contractions of the pipe (as it is possible to see on the next picture, there are not 

contractions), losses on the trash rack in the entrance, and losses caused by valves.  

 

The old installation had a wooden pipe of 25m with an inside diameter of 1,180m, and an 

intake similar as the next picture. The new installation should have the same style as the 

museum, so the new hydropower plant is designed taking in consideration this limitation. 

The expected diameter of the turbine’s entrance is around 0,750m (measurements in [m]):  
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Figure 4.2: Intake and penstock sketch 

 

• Head losses due to friction on the pipe: 

 

The losses caused by friction are considered only in the wooden pipe because in the 

intake and in the last reduction the friction losses can be neglected if they are compared 

with the 25m of pipe. To calculate the head losses, first of all it is necessary to know the 

friction factor (f) using the Moody diagram, and the mean velocity of the water inside the 

pipe. It is known that: 

 

2_1`. � ���� � Q������� � ����
! � �  [m3/s] (4.2) 

 

So the mean velocity inside the pipe is: 

 

��N�1 � 1,05 � !
��G,G@� � 0,96 � ��#   

 

To calculate f, first it has to be calculated the number of Reynolds and the relative 

roughness (ks/D). The rough of the wooden pipe (ks) is 0,6mm (2). For the Reynolds, the 

kinematic viscosity (ע) of the water has to be estimated because it is function of the water 

temperature. It is supposed that the temperature of the water varies between 0ºC in winter 

and 20ºC in summer, with an average temperature of 10ºC. The viscosity for 10ºC can be 

found on tables (8), and the number of Reynolds is calculated below: 

 

x�
� � C,H

GG@C � 0,0005  

 

 water(10ºC) = 1,307·10-6 m2/sע
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�� � ���
ע

� G,G@�C,EH
G,"CD�GC�� � 8,7 � 10A  

 

As you can see on the next figure of the Moody diagram, the friction factor for this 

conditions is f=0,021. 

 

 
Figure 4.3: Moody diagram 

 

And finally, the head loss caused by friction is (3.5): 

 

�� � 0,021 � �A
G,G@ � C,EH�

��E,@G � 0,021�     

   

• Head losses due to trash racks: 

 

The configuration of the trash rack that is assumed on the intake is showed on the next 

figure (measurements in [mm]): 
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Figure 4.4: Configuration of the trash rack 

 

The head losses caused by this rack are calculated by Kirschmer as (3.6). The coefficient 

for the type of bar (kt) is 1,8 from (2). The bar thickness and the width between them are 

respectively 2 and 3 mm, and the rack has an inclination of 60º from the horizontal. The 

velocity at the entrance is calculated from (4.2) as: 

 

�a � 2_1`. � !
����� � 1,05 � !

��"� � 0,15 � ��#   

 

And the head losses are: 

 

�� � 1,8 � ��
" 

! "# � C,GA�
��E,@G � sin 60a � 0,001�   

 

• Head losses due to valves: 

 

It is considered a valve on the entrance to close the intake of water in case of reparations 

or others, and a valve on the entrance of the turbine to regulate the flow rate. The last one 

has different openings comparing to the first one, which has just two positions (open or 

closed). It is assumed that the losses through the valves are 0,1m (15). 

 

Finally, the net head can be calculated from (3.9) as: 

 

�w � - � �� � �� � �/ � 5,052 � 0,021 � 0,001 � 0,1 � �, �~|t   

 

4.1.2 Net power 

The mean net power that the turbine can receive from the creek, working at the mean 

flow rate, is achieved by the formula (3.10). The mean flow rate is 1,05m3/s.  

 

�wu�,tuvw � 1,05 � 4,93 � 1000 � 9,81 � }|, ����  
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And the net power during each month is represented on the next table: 

 

Month Q [m3/s] Hn [m] Pn [kW] 

January 0,74 

4,93 

35,79 

February 0,67 32,40 

March 0,75 36,27 

April 2,02 97,69 

May 2,21 106,88 

June 0,8 38,69 

July 0,7 33,85 

August 0,64 30,95 

September 0,95 45,95 

October 0,95 45,95 

November 1,13 54,65 

December 1,04 50,30 

Table 4.2: Net power for each month 

 

4.1.3 Turbine description 

4.1.3.1 Type of turbine 

The type of turbine that best fits on the site is showed on the next figure from (3). It is 

known from the table 4.1 that the limits of the flow rate varies between 0,08 and 6,25 

m3/s, and the net head is 4,93m.  
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Figure 4.5: Type of turbine for the specific flow rate and net head 

 

The best turbine to install on the site that is able to work with all the range of flow rates 

for the specific head of water is a Kaplan turbine. Also, it is possible to know the type of 

Kaplan turbine for these characteristics by the next figure. The yellow means the 

maximum and minimum net power from the table 4.2 and the red one is the mean power. 

 



 65

 
Figure 4.6: Turbine specification for a determined power and head 

 

As it is possible to see on the figure above, the best Kaplan turbine is ZD760-LM-60, 

where ZD means Kaplan turbine, 760 means the specific speed (ns [rpm]), LM means 

vertical axis, and 60 the diameter of the runner (De [cm]). 

 

4.1.3.2 Specific speed, rotational speed and runaway speed 

From the last graph, the specific speed should be around  ns = 760 rpm. It means nQE is 

from (3.13): 

 

567 � DHC
EEA � 0,7638  

 

And from (3.11), the rotational speed should be around: 

 

5 � .IJ��LM���: ;#

6� �# � C,DH"@��!,E"�E,@G�: ;#

G,CA� �# � 13,67�ZG � 820,23��� (4.3) 

 

According to small hydropower plants, standard generators should be installed, and when 

a turbine is being designed it must be considered. Below there is a table with the 

synchronous speeds available by suppliers for frequencies of 50Hz: 

 

Number of poles n [rpm] 
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4 

6 

8 

10 

1500 

1000 

750 

600 

Table 4.3: Standard generators for 50Hz 

 

Corresponding to 820rpm, the most similar generator is the one with n=750rpm=12,5s-1. 

The specific speed with this rotational speed is: 

 

ws  � G�,A�√G,CA
�!,E"�E,@G�: ;# � |, ¡���  

 

And with SI units: 

 

5= � 995 � 0,6984 � 694,9���  

 

Also, the runner and the generator can work with higher speeds. The maximum speed that 

they can work or the runaway speed, for a Kaplan turbine, is between 2-2,6 nmax/n (2). 

Calculating on the worst condition the runaway speed is: 

 

wtv¢ � 750 � 2 � {}||£¤t  

 

4.1.3.3 Runner diameter 

The best outer diameter for the runner in this case is (3.14): 

 

¥u � 84,5 � �0,79 � 1,602 � 0,6984� � !,E"� �#
HC�G�,A � |, ��� t  

 

And the runner hub diameter is (3.15): 

 

	N � �0,25 � C,CEAG
C,HE@! � 0,478 � 0,184 �  

 

4.1.3.4 Number of blades 

The ratio of the diameters of the runner is (3.16): 
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Q � C,G@!
C,!D@ � 0,385  

 

And the number of blades is determined by the next table from (9) and it is 4 blades: 

 

H (m) Z v 

5 

5-25 

25-45 

3 

4 

5-6 

0,33 

0,35 - 0,4 

0,4 - 0,45 

Table 4.4: Number of blades depending on v and H 

 

4.1.3.5 Cavitation 

For this Kaplan turbine, the cavitation coefficient is calculated below as (3.18). The 

average velocity on the outlet can be assumed as Vf = 2m/s (2).  

 

σ � 1,5241 � 0,69841,46 � 2
2

2�9,81�4,93 � 0,9438  

 

The maximum suction head to avoid cavitation is determined by the formula (3.17). The 

atmospheric pressure is considered the same as on the sea level, Patm=101325Pa. The 

vapour pressure is function of the temperature, and as it is said before, it is assumed that 

the temperature of the river is between 20 and 0ºC. As the vapour pressure increases with 

the temperature, the worst case is at 20ºC, and the vapour pressure at this temperature is 

Pv=2310Pa from tables (10). Finally, the suction head is: 

 

Hs � 101325Z2310
1000�9,81 � 2

2

2�9,81 � 0,9438 � 4,93 � 5,644�  

 

For a gross head of 5,052m, there will be no problem. 

 

4.1.3.6 Power output 

For a Kaplan turbine, the total efficiency is very high and almost constant for different 

values of flow comparing with other types of turbines. This reason is because the blades 

of the runner can be adjusted to each different flow rate, and also the blades of the 

distributor (not for semi-Kaplan). As it can be estimated from (5) and (9), the 

manometric, mechanical and volumetric efficiency of the turbine is considered 90%, 
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96% and 96% respectively. The power output in the axis of the turbine, determined by 

the formula (3.19), is: 

 

Month  Q [m3/s]  Hn [m] ηman ηmec ηvol  Pturb [kW] 

January  0,74  

4,93 0,9 0,96 0,96  

29,68 

February  0,67  26,88 

March  0,75  30,09 

April  2,02  81,03 

May  2,21  88,65 

June  0,8  32,09 

July  0,7  28,08 

August  0,64  25,67 

September  0,95  38,11 

October  0,95  38,11 

November  1,13  45,33 

December  1,04  41,72 

Table 4.5: Power output of the turbine 

 

The maximum and mean powers that the turbine can give to the generator are: 

 

0_`§ � 89�¨   

0_1`. � 42�¨  

 

4.1.4 Generator and turbine-generator mechanical coupling 

There are two principal types of mechanical coupling, rigid or flexible, using a gearbox or 

belts respectively. It is supposed a flexible transmission by belts cause its facilities of 

maintenance, low noise for the museum, low cost and possibility to transmit the energy to 

large distances. The efficiency of the transmission (ηtrans) is assumed as 98% from (9).  

 

The best generator for the small-scale hydropower plant is an asynchronous one with 

90kW power, with a voltage of 400V and a frequency of 50Hz. As it is calculated on 

4.1.3.2, the synchronous speed is 750rpm and the number of poles is 8. From (2), the 

efficiency of this generator (ηgen) is around 95%. 
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4.1.5 Energy output 

It is supposed that the plant is working during all the hours of the year. The energy output 

is showed on the next table following (3.22) equation: 

 

Month 
Q 

[m3/s] 

Pturb 

[kW] 
ηtrans ηgen 

Time 

[h/month] 
E [MWh] 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

0,74 

0,67 

0,75 

2,02 

2,21 

0,8 

0,7 

0,64 

0,95 

0,95 

1,13 

1,04 

29,68 

26,88 

30,09 

81,03 

88,65 

32,09 

28,08 

25,67 

38,11 

38,11 

45,33 

41,72 

0,98 0,95 

744 

672 

744 

720 

744 

720 

744 

744 

720 

744 

720 

744 

20,56 

16,81 

20,84 

54,32 

61,41 

21,51 

19,45 

17,78 

25,55 

26,40 

30,39 

28,90 

 
343,91 

Table 4.6: Energy output of the generator 
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4.2 Management project 

After the preliminary study, the management projects are done. Continuously, there are 

summarised the different projects, Business Case, Project Directive and Project 

Specification. The completed documents are showed on the appendixes, where the final 

solution is also included. 

 

4.2.1 Business case 

The area of Wij Trädgårdar, in Ockelbo (Sweden), has the potential to produce green 

energy. The existing dam with the reservoir in the river which crosses through the area 

means that the energy of the water flow can be used to harvest electricity. This dam and 

the water energy have been used before for this purpose. However, the power station 

equipment is outdated and it is no longer operational. Therefore, the aim of this project is 

to reactivate this opportunity and regain the potential that this river offers. 

 

The business solution of this project is the reconstruction process of this old hydroelectric 

power plant. The reconstruction of the plant will offer the production of electricity from a 

green source to Wij Trädgårdar. Additionally, it will increase the number of visitors to the 

museum, because they will be able to see how a micro hydropower plant works. 

 

Normally, one of the biggest investments in such a project is building the dam, however 

in this case the dam is already built. This means comparatively little investment and time 

needed for this project to become a reality. The low investment needed gives this project 

a shorter pay-back period. Also, the returns of this investment are long term since 

hydroelectric power plants run for many years. The amount of energy produced with the 

new installation for the beginning of May 2011 will be around 340 MWh/year. The 

expected global investment on the project is 2.870.000 SEK. The project will also 

improve the company’s green image since more and more people today value the 

relevance of green power. 

 

4.2.2 Project directive 

The project consists of the reconstruction of an old hydropower plant, which is currently 

obsolete, in the area of Wij Trädgårdar. The possibility to reuse the most important parts 

of the old power plant makes this project more attractive for low investment since the 
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dam and reservoir are already built. A survey should be completed in order to confirm the 

current status.  

 

The main reason to do this project is to make profit of the available natural resources 

once again. This can produce around 340 MWh/year. Also it can increase the gains of the 

museum with the attraction of new visitors, completing a project objective.  

 

It is important to emphasize the duration of the project and its key points. The first 

important date is to finish the different surveys on the 30th of June 2010, the second is to 

find the best suitable turbine for the conditions given on the 31st of July 2010, and finally 

to erect the new hydropower plant on the 4th of May 2011. 

 

Furthermore it is important to define the different constraints for the project. Discussed 

first will be the cost since the company wants to maximize the returns for the investment 

made. Time is the next consideration after cost. This is because the project should be 

done before the end of May 2011. The last consideration is function. The quality of the 

material has to be high also due to the amount of years a hydropower plant runs. 

 

The estimated global cost for the entire project is around 2,975 M SEK. 

 

4.2.3 Project specification 

To start any project, there are few steps that must be done first. These different steps are 

defining of the business goals expressed in terms of business’ values, defining the project 

objectives and finally choosing the date for the project completion and its budget. 

 

In order to define the business aims, is important to state that these are split into two 

different branches. The first one is to produce the maximum amount of electricity with 

the available conditions. After the production it will be important to sell this electricity 

and have the highest returns possible. The gains for the museum are the other goal. These 

should increase after the installation of green energy production in the museum. It is 

expected to attract more visitors to the area with the new installation in a building with a 

long history. 

 

The objectives of the project are to survey the land and the current installation, and to 

plan the erection the new hydro power plant. The erection of the new plant includes 

different phases. Starting to contact different suppliers for the plant parts, shipping the 
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supplies to the site and finally erect each part. Also, another objective is to increase the 

museum’s gains by the end of the year 2011. 

 

Finally the project will be completed by the 4th of May 2011 and the budget is 3.382.500 

SEK, including the risk budget. 
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5 ANALYSIS/DISCUSSION 

The project is separated into two different parts, and consequently to discuss the results 

obtained it is going to be done the same. First of all it is going to talk about the 

preliminary part, and after about the management part. 

 

Preliminary study: 

 

This division of the project has to be a guide to carry out the management project. The 

results obtained in this section are a pre-study to base the second part in some foundations 

and also realise if the project has a possible solution. The pre-study has been used to 

calculate the estimation of the energy that the hydropower plant can produce with the new 

turbine, and then come up with an economical study to see the viability of the new plant. 

In addition, it has been used to guide the management project in what is needed for the 

new solution and which kind of suppliers should be contacted. 

 

For the calculation of the energy production it has been necessary to know the data of the 

flow of the river and the head of water where the plant is placed. To measure the head, it 

has been done with a total station, so the results are very precise. The problem has been 

that the measurements were made during winter time so a lot of snow and ice made the 

precision difficult, and the final result it has not been perfect.  

 

In order to obtain the data of the flow rate of the river, it was realised that no information 

of this creek could be found. No stations to study the characteristics of the creek Laån 

exist, and the last possible method to obtain this has been doing a rainfall study in the 

draining area of the creek. The mean flow has been obtained and extrapolated to a 

monthly approximation with the data of a close river, and because of that the final result 

has not been exactly too. However, as these values has been used for a pre-study, the 

precision needed was not so high, and it has been accepted these results as a land survey. 

 

After the land survey, it has been possible to begin with the calculations of the specific 

installation for this specific site. It has been followed a guide on how to develop a 

hydropower plant, so the results are accepted for the preliminary study, in spite of some 

suppositions, as efficiencies, has been estimated. The final turbine is designed for the 

average flow, although it can work for higher flows.  
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Concluding, the estimations and results assumed are correct because the preliminary 

study only needs to guide the project manager. In addition, because of the small 

dimension of the water resource, it is not feasible to design a special turbine for this 

project, so an already built turbine from a supplier has been chosen. The characteristics of 

the installation will change a lot depending on the supplier and the dimensions of the 

turbine.  

 

Management part: 

 

The second part, after the preliminary studies, is the management project. Before start 

constructing anything, some documents must be completed (Business Case, Project 

Directive and Project Specification), and that is what it has been done in this part. To 

complete these documents there were meetings every two weeks with two specialists on 

this area to discuss the best way to carry it out.  

 

The first paper, Business Case, contains in general the explanation of the business that the 

company will have if they invest in this project. On the Project Directive, it is described 

with more detail the economic part of the project and also the different parts that the 

construction will include. Finally, the last document is the Project Specification where a 

detailed scope of the construction, a time planning and the solution are included.  

 

As it is possible to see on the management project, the solution done is feasible with the 

limitations of space and the limitation of the museum. Concerning the turbine, it has been 

founded two suppliers that give a solution which meets with the place. These turbines are 

a Semi-Kaplan (Cargo & Kraft AB) and an Ossberger turbine (OSSBERGER GmbH + 

Co). It has been chosen the first one since its efficiencies are better in this type of plants 

and due the company location is in Sweden instead of Germany as the second option. 

Also, the Ossberger turbine is bigger than the other one and more risks could appear on 

the project realization. About the pipe, other solution has been founded installing a pipe 

inside the old one. However, this solution is more expensive and complicated since more 

risks are involved. It will only be considered in case of the museum does not agree with 

the new wooden pipe. 

 

The time planning has been done with the information from suppliers and specialists that 

participate on the project. The reasons because the project erection starts on February are 

two. The first is regarding the facility to access the intake since on February the water 

level is the lowest, so is less challenging to repair the intake. The other reason is the 
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museum opening hours. Since the building is a museum during summer time, it is not 

possible to keep working on the project when the museum is open. So if the project 

started just before summer, it would be stopped during two or three months. 

 

The economical study shows that the investment in this project has a pay-back time of 

thirty years. It is also possible to observe the EBIT number, Earnings before interest and 

Taxes, which starts to be positive after sixteen years. The investment in this hydropower 

plant is not good enough since a turbine usually runs around thirty years. However, some 

helps to develop small hydropower plants are going to make more profitable this invests 

to accomplish with the target of Sweden, like in Norway, where this kind of plants are 

growing during lasts years.  
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6 CONCLUSIONS 

The conclusions of this project are divided in three important branches: the comparison 

between the preliminary solution found and the one of the management project, the 

economical part and its profitability, and the importance of the documents to carry out a 

project in a better way. 

 

On the preliminary study it has been found the best theoretical installation for the land 

conditions, without taking into consideration the limitations of the place. Also, it has been 

given the dimensions of the plant that should be installed and the amount of energy that is 

possible to obtain. On the management part, it has been chosen the best turbine related to 

the conditions of the place guided on the preliminary task, by searching on different 

suppliers. The real turbine that will be installed is a semi-Kaplan turbine instead of a 

Kaplan like on the pre-study. However, the dimensions of the turbine and generator are 

very similar in both cases. 

 

Related to the project management, the documents give the way to develop the project in 

a correct form, defining the different parts, structuring what is needed to do, and when, 

and clarifying who is the responsible for each part.  

 

The economical part of the project shows that the profit of this project is not the best to 

make an investment. On the other hand, micro hydropower plants should be built in order 

to face the global warming and try to reach the Kyoto target for 2020. Some helps to this 

kind of infrastructures are appearing to combat with the low profitability of them. It is 

known also that the European Union is interested in this area of Ockelbo since the town 

wants to build a sustainable area with different kind of green energies like hydropower, 

wind power and solar energy. 
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8 APPENDIX 

A Business case 

Abstract 

 

The area of Wij Trädgårdar, in Ockelbo (Sweden), has the potential to produce green 

energy. The existing dam with the reservoir in the river which crosses through the area 

means that the energy of the water flow can be used to harvest electricity. This dam and 

the water energy have been used before for this purpose. However, the power station 

equipment is outdated and is no longer operational. Therefore, the aim of this project is to 

reactivate this opportunity and regain the potential that this river offers. 

 

The business solution of this project is the reconstruction process of this old hydroelectric 

power plant. The reconstruction of the plant will offer the production of electricity from a 

green source to Wij Trädgårdar. Additionally, it will increase the number of visitors to the 

museum, as they will be able to see how a micro hydropower plant works. 

 

Normally, one of the biggest investments in such a project is building the dam, however 

in this case the dam is already built. This means comparatively little investment and time 

needed for this project to become a reality. The low investment needed gives this project 

a shorter pay-back period which will be an attractive benefit for the company. Also, the 

returns of this investment are long term since hydroelectric power plants run for many 

years. The amount of energy produced with the new installation for the beginning of May 

2011 will be around 340 MWh/year. The expected global investment on the project is 

2.870.000 SEK. The project will also improve the company’s green image since more and 

more people today value the relevance of green power. 
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A.1 BACKGROUND 

A.1.1 Purpose 

The purpose of the business case is to give relevant information about what the solution is 

going to be. This solution is to reconstruct an old hydropower plant situated in the area of 

Wij Trädgårdar in Ockelbo (Sweden).  

 

A.1.2 Current situation  

Wij Trädgårdar is a place situated in Ockelbo (Sweden) where people can learn about 

nature, gardening, agriculture, crafts, and arts. There is a combination between the 

historical way of life in Ockelbo and its gardens. Today, the environment is gaining 

importance with the public. This is increased especially with issues such as climate 

change and global warming causing people to become more conscious of alternative 

energy sources.  

 

Currently in the area there is a reservoir that many years ago stored water for the 

production of electricity in the hydropower plant. The water turbine was installed inside a 

building which is now a museum during summer time. All the old equipment is still in the 

place and has not been running for a long time, so the idea is to reinvest in green energy 

production. 

 

This project consists of a pre-study in which a land survey of the area has been done 

(Appendix). The next step is assessing the ability of the already available equipment to 

create green energy. This will increase the potential green energy status that the area has, 

but is not taking into consideration right now. After the pre-study has been done and the 

available possibilities of the energy production have been discussed, the best possible 

solution will be found for both the company and any other stakeholders. 

 

A flowchart of the process is shown below: 
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A.1.3 Opportunity/ Problem  

A long time ago in the area of Wij Valsverk, energy was produced by an old hydropower 

plant installed in a building which is currently used as a museum. Nowadays it is 

obsolete, so nobody is using the potential profits of the resources of the landscape. Since 

this area has been used for energy production before, its potential has already been 

proven. A possible solution could be to re-use the already available reservoir and to 

produce energy using the flow of the river. The expected amount of energy produced by 

the new hydropower plant is around 340 MWh/year, so there is the possibility for the 

company to sell this electricity and earn money. 

 

Also, it is a good opportunity for the company to increase its green profile in a time 

where people´s attitudes have been changed in the context of producing green energy. 

Producing this green energy in Ockelbo, where the environment is an important part of 

people´s lives, is a good opportunity for the company to create a positive green image.  

 

A.1.4 Impact if nothing is done 

If this project is not undertaken by the company, it will miss the opportunity of potential 

energy revenues that this place has to offer. Also, the existing equipment will be lost over 

time if it is not used at all to other similar plants since the dam, one of the most expensive 

component, has been already constructed. So the company will lose a good economic 

opportunity because this sort of electricity production also brings great return on 

investment over the long term, as water power is very profitable in Sweden. 
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Ockelbo will also miss out on a good opportunity to create a new green image for itself to 

attract more tourists to the museum and its surroundings.  
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A.2 BUSINESS OBJECTIVE  

The overall objective is to exploit this opportunity to its fullest. In order to achieve this 

goal we need to produce the maximum amount of energy possible by taking advantage of 

the resources that are available in the area, and also make the area more interesting for the 

public and visitors, which will also increase the popularity of the museum.  

 

To do this, it is going to take rebuilding an obsolete hydropower plant placed in a 

building that is currently a museum.  

 

The goal of the project is to improve the return of all the opportunities that the area has to 

offer. This will be accomplished through an increase in the visitors to the museum and by 

getting the highest production of electricity possible. The amount of energy expected with 

the new installation for the beginning of May is around 340 MWh/year, assuming that it 

runs all year at the maximum capacity.  

 

A.2.1 Scope 

The business solution includes: 

• Investment in the new installation: 

o Pipe � Replace the old wooden pipe that connects the creek with the 

turbine to a new wooden one. The same supports are going to be used. 

o Turbine � Install a new turbine with its controls and valves. 

o Generator � Install a new generator. 

• Investment in the old equipment to get the maximum profit from it: 

o Intake and dam � Adapt the intake and dam to the new pipe and turbine. 

o Outlet channel � Adapt the outlet channel to the new turbine. 

 

The business solution does not include: 

• Investment for the switchgear to transform the output electricity from the 

generator to a usable one. 

• Investment for the connection of the switchgear to the grid in order to sell the 

electricity produced. (Although the switchgear and the connection to the grid are 

not going to be specified in this project, they will be considered in the financial 

part). 

• Extraction of the heavy metals that are in the outlet channel of the building. 
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A.2.2 Tentative implementation approach 

• Perform a land survey of the location. 

• Perform a survey of the existing equipment and see if it is possible to use the old 

equipment in combination with the new equipment. 

• After the preliminary knowledge of the area is acquired, establish the best 

suitable solution to produce energy with the conditions given. 

• If it is not possible to use the old equipment, come up with another solution for 

this problem; special attention will be given to the demands of the museum. 

• When the best solution is found, deliver the parts to the location. 

• Get the new installation up and running.  

 

A.2.3 Deadline/ window of opportunity  

The land survey and study concerning the possible energy production within the area has 

to be done during the spring or summer 2010 in order to get reliable measurements. This 

is because during winter Ockelbo has a lot of snow. This makes it difficult for the survey 

to be accurate, and the risk of the reservoir and the creek within the landscape being 

frozen increases. Additionally, the study of the intake should be done when the water 

level is the lowest, i.e. when access to the intake is the least difficult. Therefore, the 

project will commence February 2011. 
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A.2.4 Early Cost Estimates 
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A.3 ALTERNATIVES  

Some possible alternatives for this project are stated below: 

• Install the new hydropower plant outside of the museum instead of rebuilding it. 

However the first option and more profitable one is to use the old installation and 

erect the new plant where the last one was. 

 

• In the case that a new hydropower plant is not feasible: 

o Install a solar plant. Although this is a green energy alternative, solar 

plants in Sweden are not that profitable due to the lack of sun. 

o Install wind power in the area. The monetary investment in this 

alternative will be too high. Also, to make this project requires more time 

since several studies of the landscape would be necessary in order to 

install the wind mills in the correct location. 

o Install a geothermal system. To install this sort of systems it is necessary 

to dig a very large hole, which can be disruptive to the surroundings. Due 

to the importance of the surroundings, it is not a good idea to destroy the 

actual site. 

 

• If energy production is not possible invest in the museum and the area to increase 

the tourist attraction with, for example, a green energy exhibition. This 

alternative would also be possible if the running hydropower plant is created, but 

the priority is to produce energy before creating exhibitions. 
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A.4 GÄVLE ENERGI FIT 

A.4.1 Strategic alignment 

The core business strategies of the company are stated below. These strategies will be 

incorporated in this project: 

• Produce the energy efficiently and with the highest return possible. 

• When selling the electricity to the grid becomes a reality, do it with the maximum 

revenue. 

• Use the equipment to the highest capacity. 

 

A.4.2 Financial 
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A.5 BUSINESS RISKS  

• If this investment is made, legal problems could arise, for example, in the event 

of damaging the surrounding area. Cost: 150 M SEK. 

• If the power output is less than the forecast which has been made, the objectives 

set will not be fulfilled. Cost: 130.000 SEK/year (supposing it works at half 

power, and the price per kWh is 75 cents). 

• Lose visitors that do not like the new view or policy of the museum. Cost: 50.000 

SEK/year. 
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A.6 DEPENDENCIES 

External factors: 

• On-time delivery of the equipment is necessary to get the turbine working.  

• Timely completion of the project; if for some reason the study of the intake could 

not be completed when the river’s height is at its lowest (February), then the 

project will be delayed. As a consequence, to have the hydro power plant 

operating by May (when the river’s flow is maximum, after the defreeze period) 

would not be possible.  

• Correct installation of the new equipment. 

• Cooperation of the museum owners; the museum owners can really delay this 

project if they have objections, as they are the building owners and can thus make 

or break this project. 

 

Internal factors that could influence this project consist of the following points: 

• The project group is not able to complete this project before May 2011, thus 

delaying this project even more. 

• If there are any better alternative projects running within the company they could 

be preferred over this project. 
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A.7 CRITICAL SUCCESS FACTORS 

• The land survey should be done with the appropriate tools. 

• The study for the intake should be done in February when the river’s height is at 

its lowest. 

• Getting the approval of the owner of the museum to do this project. 
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A.8 ACHIEVABILITY 

The achievability of this project is very high. All that is needed to complete this project is 

to finish the study of the area to find the best solution. Afterwards all that needs to be 

done is to find a suitable contractor to supply and install the new equipment. The only 

concerns that could potentially compromise its achievability are the owners of the 

museum.  

 

A.8.1 Similar projects 

A similar and successful project was done in Flisa (Norway), where the head of the water 

and the creek are very similar than in Ockelbo. The project is called Bjørnebye, it 

involves erecting a water turbine with a runner 600mm in diameter and a 90kW 

generator. The company that installed the water turbine and the generator is called Cargo 

& Kraft Turbin AB, from Vasterås (Sweden). 

 

A.8.2 Complexity 

The complexity of this project is expected to be low. Since the company is already 

experienced with similar projects and is based in Sweden, it will not be hard to actually 

do this project. There are no unknown factors, plus the experience of the company will 

help ease the completion of the necessary tasks. 
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A.9 STAKEHOLDERS  

• Owners of the museum – they want to preserve the historical value of the 

building. There are both possible positive and negative effects to the museum. 

Positive effects include the old plant running again, but negative effects could be 

the noise produced by the turbine disturbing the silence of the museum and 

compromising its attractiveness. 

• Company – the company wants this project to be done as efficiently as possible 

with the lowest investment possible and the highest returns possible. The 

company desires a positive outcome for the project, as it will result in them 

making a profit. 

• People living in the area - The project will bring to the area its own electricity 

without modifying the surroundings, so the inhabitants will not be disturbed.  

• Companies that supply the components for the project – these companies will 

profit from the sale of materials required for the project. 
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A.10 REFERENCES 

1 Preliminary study of the thesis (points 3.1 and 4.1). 
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B Project directive 

Abstract 

 

The project consists of the reconstruction of an old hydropower plant, which is currently 

obsolete, in the area of Wij Trädgårdar. The possibility to reuse the most important parts 

of the old power plant makes this project more attractive for low investment since the 

dam and reservoir are already built. A survey should be completed in order to confirm the 

current status.  

 

The main reason to do this project is to make profit of the available natural resources 

once again. This can produce around 340 MWh/year. Also it can increase the gains of the 

museum with the attraction of new visitors, completing a project objective.  

 

It is important to emphasize the duration of the project and its key points. The first 

important date is to finish the different surveys on the 30th of June 2010, the second is to 

find the best suitable turbine for the conditions given on the 31st of July 2010, and finally 

to erect the new hydropower plant on the 4th of May 2011. 

 

Furthermore it is important to define the different constraints for the project. Discussed 

first will be the cost since the company wants to maximize the returns for the investment 

made. Time is the next consideration after cost. This is because the project should be 

done before the end of May 2011. The last consideration is function. The quality of the 

material has to be high also due to the amount of years a hydropower plant runs. 

 

The estimated global cost for the entire project is around 2,975 M SEK. 
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B.1 INTRODUCTION 

B.1.1 Purpose 

The purpose of this document is to define the overall scope and limitations in terms 

of financials and timing, for the project. 

 

B.1.2 Rules  

The Project Directive has to be signed by the Portfolio Manager, Business Sponsor 

and accepted by the Project Manager, and is normally not changed after signing.  

 

B.1.3 Background 

The project is based on the reconstruction of an old hydropower plant situated in 

Ockelbo (Sweden), in the region of Wij Trädgårdar. Wij Valsverk was a rolling 

mill factory in this area, where the electricity was produced by a water turbine of 

100HP. At the moment, the factory is not running and the place is now a museum 

showing the old machines. Those machines and old wheels were moved by the mill 

with universal roll housing and are still in the same location today. 

 

The area already has some of the necessary equipment for the hydropower plant 

like the dam and its reservoir behind it, the old pipe to supply the water to the 

turbine, and the outlet channel where heavy metals are placed and should be 

removed. Because this installation has not been used for decades, it is necessary to 

make a survey of its current functionality and any modifications that might be 

needed. Also, the old turbine and generator must be replaced. 

 

To understand the main issues of the project, it is important to know that today Wij 

Valsverk is an old factory museum showing high quality art exhibitions and the old 

rolling mill. Because of this, there must be no possible impact on the museum 

exhibitions during the project erection, so trying to take the maximum benefit from 

the old installation is a good strategy. 
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B.2 BUSINESS GOALS/BENEFITS 

The main goal of the project is to produce the maximum amount of energy from 

the head of the creek that crosses the area of Wij Trädgårdar. To make this 

possible, the available resources will be used in the most efficient way in order to 

get the highest profit from the old installation. The plan is to sell this energy to the 

grid. 

 

However, as a consequence of the new hydropower plant that is going to be built, 

the increase in gains for the museum with the attraction of more visitors is another 

expected benefit. The reasoning behind this is because it will increase the green 

image of the company with the investment in green energy production. 
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B.3 PROJECT OBJECTIVES 

The objectives that the project will meet are listed below: 

• The reconstruction of the old hydropower plant will create a new 

operational power station by the end of May 2011, producing around 

340MWh/year. 

• Increase the gains of the museum and the amount of visitors to the area by 

the end of 2011. 
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B.4 SPECIAL CONDITIONS 

The items with a significant meaning are stated below: 

• The survey of the land should be done during spring time due to the 

difficulties of doing it with snow and ice present. 

• The project should be started in February. At this time, the height of the 

river is at its lowest and access to the intake will be easier than at any other 

time.  
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B.5 ORGANIZATION 

List of key roles: 

Role    Name 

Business Sponsor Gävle Energi 

Chairman of the steering group Patrik Eriksson 

Steering group member Patrik Eriksson 

Steering group member Michael Sundvik 

Steering group member Mathias Cehlin 

Project Manager Albert Raurell and Xavier Reales 
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B.6 HIGH-LEVEL REQUIREMENTS 

Some requirements to carry this project out are listed below: 

• The intake of the dam needs metal grate at the entrance to protect the 

turbine from animals, ice and trash that flows in from the river. 

• For the turbine security there has to be several fences as boundaries along 

the installation. To stop the passage of water through the pipe when 

necessary, there should be a gate at the intake to keep the water out. Also 

the penstock is very important for the turbine’s protection. 

• Erect a new wooden pipe as similar as possible to the old one. It has to 

support the maximum flow rate and potential working pressure of the 

turbine.  

• Install a new closed turbine in order to achieve as maximum power from 

the creek. This turbine should have a valve to regulate the entrance of 

water for working in the highest efficiency. 

 

B.6.1 Triple constraint 

To define the triple constraint for the project, the most important one is cost 

because the company wants the highest returns possible. The next constraint is 

time, because repairs to the intake should be done in February. In conclusion, the 

project should be started in February and finish in May, when the flow of water is 

at its highest and the greatest amount of energy will be produced. The least 

important of the three constraints for this project is the quality, although the 

materials must sustain water pressure over many years, so high quality materials 

are needed. 

 

B.6.2 Geography 

The project takes place in a building currently used as a museum during summer 

time. The area of Wij Valsverk is located in the town of Ockelbo. Ockelbo belongs 

to the county of Gävleborg in the province of Gästrikland in Sweden.  

 

In relation to the country, Sweden has a lot of hydropower plants due to its large 

quantity of rivers. However in Gävleborg the winters are hard because there can be 

a lot of snow and ice covering the landscape.  
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As we can see in the picture below, the reservoir for the new hydropower plant is 

already done. The name of the creek is Laån and it is flowing between two lakes. 

The water flows from the lake called Lasjön in the south of the province to Bysjön, 

which is more in the north. 

 

 

B.6.3 Milestones 

The key dates for the project are as follows: 

• The land surveys and studies of the old installation finished on the 30th of 

June 2010. 

• The most suitable design for the hydropower plant and its suppliers was 

found on the 31st of July 2010. 

• Erection of the new hydropower plant. This includes the reconstruction of 

the intake, new pipe installation, preparation of the site for the turbine and 

erection of the turbine with the corresponding generator. Completed 4th of 

May 2011. 

 

B.6.4 Infrastructure 

The requirements needed for the infrastructure are an entrance to the concrete 

building, to enter the turbine and its components. In addition, some more 
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modifications have to be done in the concrete building for the erection of the 

turbine, such as the foundations. 

 

Another requirement is the outlet channel, which has to be adapted to the aspiration 

tube of the turbine.  

 

In reference to the installation of the turbine and the pipe, both are supplied from 

outside of Ockelbo, so the arrival time of this equipment is important. In order to 

follow the time-schedule for the reconstruction, the pipe must be supplied on the 

28th of February 2011 and the turbine on the 30th of April 2011. 

 

B.6.5 Financial 
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B.6.6 Machines and equipment 

Placing the new turbine, generator, and its controls inside the concrete building 

where the old turbine was, could prove to be difficult since there is a limitation in 

space. Because of the building acts as a museum, its historical aspect has a huge 

importance, so after the turbine is installed the museum must look practically the 

same. If finally the turbine does not fit inside it, some modifications in the concrete 

building should be studied. 

 

Concerning the electrical equipment that best fits in the optimal turbine studied for 

the project, two machines need an environmental certificate. Both, the generator 

and the electrical motor for the hydraulic pump are supplied with this 

corresponding green certificate. 
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B.6.7 Marketing & sales 
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B.6.8 Organization 

Since new micro hydropower plants run all the time with automatic controls, there 

is no reason to have extra employees working on it. However, like everything that 

runs for a long time, it will need periodical maintenance to keep the hydropower 

plant working efficiently.  

 

Also a training and education course for the employees of the museum will help 

keep the power plant in service for longer. 
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B.6.9 Gävle Energi Business System 

 

On the next two tables below, it is explained the investment and the interest calculation for the realization of the project. 
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B.6.10 Laws and regulations 

Environmental and Construction laws are stated below: 

• PBA Chapter 3. Demands on Buildings 

o Buildings. 

� Section 10. (Law 1998:805) 

� Section 12. 

� Section 13 (Law 1994:852) 

 

• PBA Chapter 4. The Comprehensive Plan. 

o Ordinance (1998:896) on Land and Water Management. 

 

• PBA Chapter 5. Detailed Development Plans and Area Regulations. 

o EC Chapter 5. Environmental Quality Standards and Environmental 

Quality Administration. 

� Matters to be specified in Environmental Quality Standards.  

� (Law 2003:890). 

� Checks: Section 9 (Law 2002:175) 

 

• PBA Chapter 8. Building permits, Demolition Permits and Site Improvement 

Permits. 

o Measures Requiring a Demolition Permit or a Site Improvement 

Permit. 

 

• PBA Chapter 9. Construction Work, Supervision and Control. 

 

Laws in the Electrical Act (1997:857) that are related with the project: 

• Chapter 4. Network tariffs. 

o Special provisions on network tariffs for small generation installations. 

� Section 10. 

 

• Chapter 8. Overall system responsibility and balance responsibility. 

o Overall system responsibility. 

� Section 1. 

� Section 2. 

� Section 3. 

o Declaring the origin of the electrical power. 
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� Section 13. 

 

• Chapter 9. Protective measures. 

o Section 1 

o Section 2 (Act 2000:599). 

o Section 5. 

o Section 6. 

 

• Chapter 10. Damages. 

o Product liability 

� Section 2. 

� Section 3. 

o Damages in connection with operational disruptions. 

� Section 4. 

o Contributory negligence by the injured party. 

� Section 5. 

o Determination of damages. 

� Section 6. In Chapter 5 of the Tort Liability Act (1972:207). 

o Time limitation. 

� Section 8. 

 

• Chapter 12. Supervision. 

o Supervisory authorities. 

� Section 1; 1.a. 

� Section 2. 

� Section3; 3.a. 

o Special provisions on supervision relating to electrical safety or 

operational security of the national electrical power system. 

� Section 4. 

� Section 5. 

 

Electricity certificate for producers: 

In the electricity certificate system, producers of renewable energy receive one 

certificate for every produced and measured MWh. In addition to increased energy 

sales, the electricity certificates provide producers with extra profits. 
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In order to allocate the electricity certificates, the production plant has to be 

approved by the Swedish Energy Agency. Each month Svenska Kraftnät (which 

administers and runs the Swedish national grid) will distribute certificates based on 

the electricity production reported. 

 

B.6.11 Other Functional requirements 

Since the power plant does not need specific employees, an automatic control 

system runs the turbine in the most effective and safe way. 

 

B.6.12 Non-functional requirements 

All covers and safety details must meet the Swedish Standards. 
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B.7 CRITERIA FOR SUCCESS 

B.7.1 Stakeholder Statements 

• The reconstruction of the old hydropower plant does not affect the current 

image of the building. 

• Finish the project no later than the end of May, with the lowest possible 

investment, and produce energy in the most efficiency way. The energy 

output expected is 340 MWh/year. 

• The production of electricity in the area without modifying the 

surroundings. 

• Supply the components on time. 

 

B.7.2 Acceptance procedure 

This project has high acceptability because the benefits have more value than the 

requirements to revive the hydropower plant. When looking at the economic 

portion of the project, low investment is needed because the dam, which is usually 

one of the most expensive parts of construction, is already built. This gives us a 

shorter pay-back time compared to other similar new installations. In addition, the 

energy used by the plant per year is insignificant compared to the 340 MWh/year 

that it will produce. 

 

B.7.3 Lessons learned/Best practice 

Projects that are based in micro hydro power plants have some common critical 

factors (3): 

• Clear objectives are required. 

o A programme to sell the maximum amount of electricity. 

o An investment in social infrastructure. 

• The cost of the hydro power plant depends on the location and standards. 

This can be mitigated with effective management practices. 

• Effective management is more important than the type of ownership. 

• Select the appropriate technology that can be adapted to the site location. 

 

Regarding the best practice for this type of project, there are some important points 

in different fields: 

• Best practice and Profitable End-uses: 
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o It is difficult to have profitable End-uses due to the small market that 

micro power plants have. 

o Micro hydro power plants should be recognized as a way to develop small 

areas. 

 

• Best practice and Regulations: 

o It is necessary to set up a structure that provides incentives to consumers 

and remains cost-effective. 

o Regulations should be transparent, stable and free of political influence. 

 

• Best practice for Project Developers: 

o To carry out the project successfully, it is necessary that the right project 

developers have the skills to put all the elements of a micro hydro power 

plant together. 

o A substantial effort should be put forth to estimate the best suitable market 

for the micro power plant. Once this is accomplished, it is easier to set up 

the plant with the best financial basis. 

 

• Best practice for Management. 

o A “corporate structure” is necessary to achieve successful management of 

a micro hydro power plant and minimize political influences. The 

“corporate structure” must provide a clear authority for the management 

and state clear objectives for the project. 
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B.8 SCOPE 

The scope of this project is divided into four parts: 

• The dam and the inlet water. It is very important to make a careful study of 

the current conditions of the dam; it has to contain the water of the 

reservoir for many years. The inlet of the hydropower plant, connection 

between the reservoir and the pipe, should be checked and may be replaced 

if they are not in their optimal condition. Additionally it is necessary to 

take a look if in the old installation had ice and trash protection. Unless 

they are still useful, they must be replaced for the protection of the turbine. 

• The wooden pipe. Replace the old pipe with a new one, using the same 

supports, and connect it to the intake of the dam.  

• The outlet channel and the space for the turbine. Adapt the space where the 

turbine has to be placed, and also adjust the outlet channel to the 

specifications of the turbine supplier.  

• The turbine and the generator. Install the water turbine and generator inside 

the concrete building.  

 

B.8.1 Included 

� Repairs needed to get ready the intake and the dam. 

� A new wooden pipe. 

� Repairs needed in the concrete building to place the turbine and connect it 

with the wooden tube and the outlet channel. 

� Scope of delivery from the turbine supplier: 

o Turbine, complete with driver, turbine frame and generator frame.  

o Connection box, complete with connections and sensors. 

o Complete factory made cablings for servos and control systems. 

o Oil swivel for runner blade manoeuvring. 

o Hydraulic system for runner regulation. 

o Hydraulic system for valve manoeuvring. 

o Asynchronous generator. 

o Transmission system. 

o Control system for automatic level control. 

o Sensor for main bearings and generator windings temperature. 

o Covers and mechanical safety details according to Swedish 

standards. 
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o Electronic sensor for level control. 

o Commissioning training and education. 

 

B.8.2 Excluded 

� Switchgear to transform the electricity produced to a higher voltage. 

� Connection from the switchgear to the grid and its necessary protective 

equipment. 

� Cleaning the heavy metals out of the outlet channel. 

� Hire the right professionals to replace or modify the old equipment in the 

place. 

� Marketing to attract new visitors to the museum with the new attraction of 

green energy production. 
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B.9 RISKS 

� If the turbine and generator does not fit in the concrete building and the 

museum’s owner does not accept any kind of modification to the current 

installation. Then a new study of a smaller turbine that fits into the space 

will have to be done. Cost: 2.000.000 SEK (1.000.000 SEK turbine + 

500.000 SEK re-study + 500.000 SEK delay). 

� Possibility to have problems after the study of the dam if it is found that it 

must be replaced. That can delay the project for a long time and also it will 

increase the investment significantly. Cost: 1.000.000 SEK (500.000 SEK 

new dam + 500.000 SEK delay). 

� If the project does not start in February, it will be more difficult to access 

the intake and as a consequence, the project takes longer. Cost: 500.000 

SEK. 

� The museum’s owner does not agree with building a new pipe. If the 

museum takes this decision after the pipe suppliers have already been 

contacted, this will delay the project. Another study will be necessary to 

look at the possibility of installing an inside tube and leaving the old one in 

place. Also there will be some difficulties to adapt this new tube to the 

intake. Cost: 200.000 SEK (100.000 SEK study + 100.000 SEK adapt the 

intake). 

� Problems with the intake due to deterioration and/or it cannot be adapted to 

the new wooden pipe. If it needs to be replaced, there will be a big delay 

on the project. Cost: 100.000 SEK. 
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C Project specification 

Abstract 

 

To start any project, there are few steps that must be done first. These different steps are 

defining of the business goals expressed in terms of business’ values, defining the project 

objectives and finally choosing the date for the project completion and its budget. 

 

In order to define the business aims, is important to state that these are split into two 

different branches. The first one is to produce the maximum amount of electricity with 

the available conditions. After the production it will be important to sell this electricity 

and have the highest returns possible. The gains for the museum are the other goal. These 

should increase after the installation of green energy production in the museum. It is 

expected to attract more visitors to the area with the new installation in a building with a 

long history. 

 

The objectives of the project are to survey the land and the current installation, and to 

plan the erection the new hydro power plant. The erection of the new plant includes 

different phases. Starting to contact different suppliers for the plant parts, shipping the 

supplies to the site and finally erect each part. Also, another objective is to increase the 

museum’s gains by the end of the year 2011. 

 

Finally the project will be completed by the 4th of May 2011 and the budget is 3.382.500 

SEK, including the risk budget. 
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C.1 INTRODUCTION 

C.1.1 Business sponsor 

The business sponsor of the project is the company Gävle Energi and the person who is 

responsible for receiving the project deliverables is Patrik Eriksson. 

 

C.1.2 Business goals 

The goals of the project are divided into two different parts. The first is the production of 

electricity by the new hydro power plant, which has to be the highest possible with the 

conditions given. Furthermore it is important to sell it to the grid and have the maximum 

returns for the initial investment. The second is to increase the gains of the museum 

through the installation of the new plant. The green energy production in this historic 

place will attract more visitors to see the exhibitions at the museum. 

 

C.1.3 Project objectives 

The objectives that the project will achieve are stated below: 

• Finish the previous studies of the installation by the end of June 2010. Cost of 

280.000 SEK. 

• Find out the best solution and contact the right suppliers by the end of July 2010. 

Cost of 50.000 SEK 

• Complete the erection of the new pipe and the new intake by the beginning of 

March 2011. Cost of 360.000 SEK. 

• Prepare the site for the new turbine and erect it by the beginning of May 2011. 

Cost of 1.4 M SEK. 

• After accomplishing all the objectives mentioned before, the new hydro power 

plant will be operational by the end of May 2011. At this time it will start 

producing energy when the river conditions are the best (maximum water flow 

and highest water level). Cost of 2.09 M SEK 

• Increase the gains of the museum with the attraction of more visitors by the end 

of summer 2011. We talk about the end of summer 2011 because the museum is 

open during summer time. So to know if the new hydropower plant increases the 

gains of the museum it should be measured at the end of the summer that the 

plant is installed. Because the attraction of more visitors is a result of the project, 

the cost for this objective is the total cost for the whole project, 2,87 M SEK.  
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C.1.4 Strategies 

In order to achieve the objectives of the project, several strategies are described below. 

These procedures are divided in two: how to implement the project and other procedures 

related to external factors. 

• The best way to carry out the project is following the next steps: 

o First of all do the corresponding studies to be aware of the current 

installation on the site. 

o When the site has been studied, come up with the most suitable solution 

for the project. 

o After the solution has been approved, contact several suppliers to have an 

idea about the approximate budget needed. 

o Hire the companies to supply the equipment. 

o Finally do a time-schedule to follow for the completion of the project. 

 

• About the external factors to be considered for the project: 

o It is necessary to contract external consultants that are specialized in 

studying the intake and the outlet channel. 

 

C.1.5 Dependencies 

To complete the project, some tasks must be done before construction and the project 

depends on the decisions of some organizations. In order to find out the current status of 

the old equipment and the characteristics of the new turbine, several studies should be 

done before the end of June 2010: 

• The outcome of the project is very dependent on the start date. The study of the 

intake needs to happen during the lowest water level. As a consequence the 

project must start in February. 

 

• The timeline of the deliveries in order to finish the project in time are: 

o Transport the new pipe to the building by the 28th of February 2011. 

o Transport the new turbine to the site, which must be prepared for its 

arrival, by the 30th of April 2011. 

 

• Getting a decision from the museum’s owner is necessary to carry out the project. 

They have to accept the project before starting the studies, so by the end of May 

2010.  
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C.2 SOLUTION 

The solution includes an overview of the building where it is possible to see the current 

installation. Also, it is drawn the solution taken which its position in the building. There 

is a drawing of the turbine, and another with the turbine inside the concrete building. 

Finally it is attached the electronic architecture that follows the turbine controls. 

 

Building pictures 

This is the current status of the building, although the pictures are from time ago the 

position of anything has been changed. So now it looks exactly the same, less the pipe 

section that actually is round. 
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Solution drawings 

The best solution founded on suppliers that best fits on the place, with the limitations of 

space on the concrete building and the museum rules, is from the company Cargo & Kraft 

AB and Boxholm Produktion AB.  

 

Cargo and Kraft AB supplies the turbine, generator and all the controls and other stuff 

needed. The turbine is a CK600RM-4, a closed vertical semi-Kaplan turbine with 4 

blades, a diameter of the runner of 600mm and a nominal power on the shaft of 78,9kW. 

The generator is a belt driven asynchronous with a nominal power of 73kW, nominal 

speed of 594rpm and runaway speed of 1244rpm. The maximum power of the generator 

that can supply is 90kW. In the appendix there is the scope of delivers of this company 

with all the specifications. The dimensions of the turbine and generator allow placing it 

inside the concrete building as it is shown on the next drawings. 

 

Boxholm Produktion AB supplies the wooden pipe. The inside diameter is 1180mm and 

outside diameter of 1300mm. The outside design of the new pipe is exactly the same than 

the old one, and it is supposed that the same company built it when it was erected. Also 

the diameters are the same, so the supports of the pipe are going to be the same. 

 

 

 



 

 

Here we can see the whole install

 

In this figure we can appreciate a zoom on the concrete bui

 

 

 

 

Here we can see the whole installation with the turbine included: 

we can appreciate a zoom on the concrete building with the turbine included (length view and above view

 

lding with the turbine included (length view and above viewlding with the turbine included (length view and above view) respectively: 
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This drawing shows the whole old installation with its dimension marks, and also the hole (in red colour) that must be done for the maintenance of the turbine: 

 

Here we can see the length and above view respectively of the concrete building with its dimension marks: 
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Finally in this page we can appreciate the measures of the turbine and generator that are going to be installed (length and above views respectively): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Here there is attached a picture of a CK600RM installed in Flisa (Norway): 
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Architecture software 

 

The architecture of the software that the turbine controls follow, it is described below. 

This software was developed for the company Cargo

constructor of the turbine CK600

 

 

On the upper figure we can observe the four

procedures are listed by the information that they supply. It starts with the more general 

on the left side, and it finishes on the sensors that give specific 

situation. 

 

There are three different types of sensors: level, speed, and temperature sensors. The 

temperature sensors used in this turbine are PT 100 and they check the generator, and the 

bearings. When the PC/PLC has just recei

activates the controls. These controls act on the servo motor of the turbine which 

regulates the turbine blades. 

 

The other two steps are SCADA and MES

the database that includes all the inputs and outputs to control de PC/PLC. The MES has 

the planning inputs that are introduced to the SCADA.

 

It is also important to describe the status that shuts down the turbine. These are the ones 

follow: 

• Temperature is too high.

• Drop out from the grid.

• When the generator starts to work as an engine.

 

 

 

 

  

The architecture of the software that the turbine controls follow, it is described below. 

This software was developed for the company Cargo & Kraft AB together with the 

constructor of the turbine CK600RM.  

On the upper figure we can observe the four steps that the turbine has as software. The 

procedures are listed by the information that they supply. It starts with the more general 

on the left side, and it finishes on the sensors that give specific information of the current 

There are three different types of sensors: level, speed, and temperature sensors. The 

in this turbine are PT 100 and they check the generator, and the 

When the PC/PLC has just received the information from the sensors, it 

activates the controls. These controls act on the servo motor of the turbine which 

SCADA and MES and have the next functions. SCADA contains 

ncludes all the inputs and outputs to control de PC/PLC. The MES has 

the planning inputs that are introduced to the SCADA. 

It is also important to describe the status that shuts down the turbine. These are the ones 

Temperature is too high. 

t from the grid. 

When the generator starts to work as an engine. 

 

The architecture of the software that the turbine controls follow, it is described below. 

together with the 

 

software. The 

procedures are listed by the information that they supply. It starts with the more general 

information of the current 

There are three different types of sensors: level, speed, and temperature sensors. The 

in this turbine are PT 100 and they check the generator, and the 

ved the information from the sensors, it 

activates the controls. These controls act on the servo motor of the turbine which 

have the next functions. SCADA contains 

ncludes all the inputs and outputs to control de PC/PLC. The MES has 

It is also important to describe the status that shuts down the turbine. These are the ones 
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C.3 SCOPE 

The scope which has to be accomplished for the project is divided into several main parts: 

• The first part consists of studying the current status of the dam in order to keep 

using it for the amount of years that the new power plant will be working. Also 

the gate to the direct discharge to the river has to be checked. 

• After that we should be sure about the condition of the intake. This has to be in 

optimal condition and must contain the necessary fences to keep the debris of the 

river out. Also, security valves and gates have to be checked and replaced if it is 

needed. 

• Next will be the substitution of the old pipe. The new tube has to fit the current 

supports and be made of wood in order to have the same style as the old one. 

• Before installing the new turbine the outlet channel must be modified and 

adapted to the new installation. Also, the foundations for the turbine and 

generator have to be adapted. 

• Finally, install the water turbine and the generator inside the concrete building, 

and place the control box outside the concrete building, in the corner behind the 

pipe. On the appendix there is the scope of deliveries of the company Cargo & 

Kraft AB. 

 

With the project there are some limitations since it is placed in a very old building 

surrounded by a natural area that should remain undisturbed. 

• One significant limitation is to conserve the historic style of the museum. To 

make this possible, the project should not modify the placement of the existing 

things, and try to restrict or hide all the new elements from view. 

• Another restraint is found in the surroundings of the building. The area of Wij 

Valsverk has beautiful gardens with a creek running through them. When the 

turbine is not running full power, it would be good to have some of the flow 

diverted towards the creek in order to allow the residents and museum visitors to 

enjoy it. 

• Remove the heavy metal from the outlet channel before erecting the hydro power 

plant. 

 

C.3.1 Included 

The parts that the project’s scope includes are stated below: 
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• A preliminary study of the land (flow of the river and head of water) and the 

current installation in the building. 

• Repairs to the dam and the intake if needed. 

• Supply and place the new wooden pipe. 

• Repairs needed in the concrete building to place the turbine and generator inside.  

• Adapt the outlet channel for the new turbine. 

• Supply and install the new turbine and its generator. 

 

C.3.2 Excluded 

The parts that are excluded from the project are: 

• The switchgear to transform the electricity produced to a higher voltage. 

• Connection from the switchgear to the grid and its necessary equipment. 

• Cleaning the heavy metals out of the outlet channel. 

• Hiring the right professionals to replace or modify the old equipment in the site. 

• Marketing to attract new visitors to the museum with the new attraction of green 

energy production. 
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C.4 PLANNING 

In this point of the document the time plan studied for the project is going to be 

described, with its corresponding activities during the completion of it and the milestones. 
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C.4.1 Time plan 

To show all the activities, milestones and the decision points of the project, below is attached a Gantt diagram: 
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C.4.2 Activities 

Below is the table with all the activities related with the project’s completion, including 

who will be completing the activities and when. 

 

No. What Who Start Finish 

1 Land survey 
Albert Raurell 

and Xavier Reales 
01-06-10 30-06-10 

2 
Study the possibility of having 

a hydropower plant 

Albert Raurell 

and Xavier Reales 
01-06-10 30-06-10 

3 Survey of the old equipment Lars 01-06-10 30-06-10 

4 
Find out the best solution. 

Draw a first draft. 

Albert Raurell 

and Xavier Reales 
01-07-10 15-07-10 

5 Contact suppliers 
Albert Raurell 

and Xavier Reales 
01-07-10 31-07-10 

6 Modification of the intake Lars 01-02-11 28-02-11 

7 Transportation of the new pipe Boxholm AB 26-02-11 28-02-11 

8 Installation of the new pipe Boxholm AB 01-03-11 02-03-11 

9 Cleaning the site up Boxholm AB 03-03-11 03-03-11 

10 
Prepare the site for the turbine 

installation (Foundations) 
Cargo & Kraft 01-02-11 30-04-11 

11 Transport the turbine Cargo & Kraft 28-04-11 30-14-11 

12 Turbine installation Cargo & Kraft 01-05-11 02-05-11 

13 Turbine commissioning Cargo & Kraft 03-05-11 04-05-11 
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C.4.3 Milestones 

The key points of the project are as follows: 

 

No. Milestone Target date 

1 
Surveys of the land and the existing equipment 

received from the corresponding companies 
30-06-10 

2 
Found out the best solution and contact 

suppliers 
31-07-10 

3 Made the modification of the intake 28-02-11 

4 New pipe installed 03-03-11 

5 New turbine erected 04-05-11 
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C.5 ORGANIZATION 

C.5.1 Project manager 

The project manager has the overall-responsibility towards the steering group, to 

complete the project within the frame (time, budget, functionality) defined in this 

document. The project managers are Albert Raurell Font and Xavier Reales Ferreres. 

 

C.5.2 Steering group 

The deciding body for a project is the steering group to which the project manager 

reports. The members of the Steering Group are Patrik Eriksson, Michael Sundvik and 

Mathias Cehlin. The chairman of the Steering Group is Patrik Eriksson. 

 

C.5.3 Reference groups 

The different reference groups are: 

• Leiv Botnen and Anton Lindblad from the company Cargo&Kraft who 

participates in the turbine’s design. 

• Lars Westergren from Mark and Byggkonsult who participates in the intake and 

outlet channel surveys and modifications. 

• Losjö Katarina from the SMHI Miljö and Säkerhet who helps with the land 

survey. 

 

C.5.4 Project organization 

This part of the project specification provides a list of the resources staffing the various 

roles in the project organization and the degree to which they are allocated. Allocation 

must be guaranteed via agreements/contracts with internal or external resource owners. 

Attached below is the table with the main project roles: 

 

Name Project Role Start-date End-date 
Work 

effort (%) 

Xavier Reales 
Project 

Manager 
01-06-2010 04-05-2011 100% 

Albert Raurell 
Project 

Manager 
01-06-2010 04-05-2011 100% 
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Leiv Botnen 
Reference 

Group 
01-07-2010 31-07-2010 25% 

Lars 

Westergren 

Reference 

Group 
01-06-2010 31-07-2011 25% 

Anton 

Lindblad 

Reference 

Group 
01-07-2010 31-07-2010 25% 

Losjö Katarina 
Reference 

Group 
01-06-2010 30-06-2010 10% 

Cargo & Kraft 

AB 

Turbine: 

Installation 
01-02-2011 04-05-2011 100% 

Boxholm AB 
Pipe: 

Installation 
01-02-2011 03-03-2011 100% 
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C.6 BUDGET 

Below is the project budget supposed during the months that the task takes place: 
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C.7 DELIVERABLES 

The deliverables to succeed on the project are stated below: 

 

No. Delivery Date Criteria 

1 

Land survey and the 

studies of the current 

installation. 

30-06-2010 

Data of the water’s head and the flow 

of the river. Detailed information of 

the current installation status. 

2 Pipe 28-02-2011 

The new wooden tube, split in pieces 

of 6 meters and the proper material to 

install it. 

3 Turbine 30-04-2011 

Model CK600RM with the generator 

of 90 kW and the corresponding 

electronic controls and valves. 
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C.8 RISKS 

A risk analysis is done below. All the different risks are stated in a graph for easy comprehension about their 

probability of occurring and their impact on the project. Furthermore, the consequences and the measures to 

reduce these risks are described. 

 

1. Turbine and generator do not fit inside the concrete building. The museum owners do not accept 

any modifications on the building. 

2. Project is postponed and does not start in February. 

3. The new pipe does not satisfy the expectations of the museum. 

4. The design of the pipe is not correct. 

5. The museum does not agree with the new installation because it does not fit with the design of the 

museum. 

6. The actual power output is lower than forecasted. 

7. The sound level of the new hydro power plant is too high for the museum atmosphere. 
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C.9 PROJECT MANAGEMENT 

C.9.1 Meeting structure 

The schedule of the project meeting will be once per week for the project managers. The 

steering group will meet the project managers every two weeks during the project’s 

completion. 

 

C.9.2 Status reports 

The project managers will update the status of the project every two weeks to the steering 

group. The report will inform on the current condition of the project, any setbacks that the 

project has had and the steps to follow for the next two weeks. 

 

C.9.3 Escalation routines 

Any problem the project encounters must be presented to the project managers for a 

solution. The project managers will report to the steering group on the meetings that they 

have every two weeks. It is up to the project managers to inform directly the steering 

group if they consider the problem to be a big issue. 

 

C.9.4 Communication  

The structures included in this project are the Steering Group and the Reference Groups. 

The communication with the Steering Group is done by personal meetings every two 

weeks with the Project Managers. Contact with the different Reference Groups is usually 

by email or phone call. These meetings can be as often as every two days. 
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C.10 APPENDIX 

SCOPE OF CARGO & KRAFT 
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