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Hydropower – Technology, Economy, Sustainability ME2083

Course instruction spring 2018



1. Background, aim and for whom it might be an interesting course
Hydropower is becoming more and more important for the energy system, so also in Sweden. It is a sustainable contribution with nearly 50 % of the Swedish power production. Its regulating capacity is crucial for keeping the balance in the electricity system and thus for the possibility to build more intermittent power production like sun and wind. Swedish hydropower is now in a phase of renewal and upgrading, both big and small plants. Hydropower also has to face more far-going demands on mitigating the environmental consequences.

Hydropower is an important societal activity, which is continuously operated, maintained and developed. Many big hydropower plants have now come to an age when they must be renovated, sometimes they can then be upgraded. Also small-scale hydropower must be renovated and its upgrading potential is big. Internationally, hydropower is expanding rapidly, primarily in Africa, Asia and South America where it is becoming more and more important for a sustainable energy system.

KTH has research and teaching in hydropower in many departments in several schools. By complementing existing courses with a joint basic course, hydropower is focused as an area where KTH can give a basic education. The aim of the course is thus firstly to offer a basic course, which can be complemented with special courses in different parts of the subject area, and secondly to offer a broader perspective for students that have already taken one or more special courses.

The course is suitable for
• All students from the third year with a general interest for sustainable energy systems, examples are a couple of profiles in the third year of the program for Civil Engineering & Urban Management and the profile energy systems and sustainable development in the third year of the Industrial Management & Engineering program. It also fits nicely into the third year of the bachelor program in electrical engineering.

• Master programs with an energy and/or sustainability profile like Sustainable Energy Engineering, Civil & Architectural Engineering, Environmental Engineering & Sustainable Infrastructure, Electric Power Engineering, Sustainable Technology, the two tracks Sustainable Energy Utilization and Sustainable Power Generation in Industrial Engineering and Management.


2. Learning outcomes 
The course shall give the student theoretical and empirical knowledge about
• The role of hydropower in the energy system, in Sweden and internationally
• The hydrological conditions for and consequences of hydropower
• Design and building of dam, gates, intake, outlet, power station
• Mechanical, electrical and electronic equipment
• The economic conditions for and consequences of hydropower
• The environmental impact of hydropower and how this can be mitigated
• The legal conditions for hydropower.


3. Course main content 
The main focus is how the hydrological conditions determine the physical and technical design as well as the operation of a hydropower station, and which the economic and environmental consequences will be. The course covers many subject areas, which are treated more thoroughly in other courses offered by the departments cooperating in this course. Here follows an overview of the content where the lectures are allocated to the different areas.

1. Introduction (4 h, Thomas Sandberg, Industrial economics and management)
• Hydropower in Sweden and the world, both big and small
• History of hydropower, its importance for the industrial, cultural and societal heritage
• Positive and negative aspects of hydropower
• The technical basic principle
• The economic basic principle
• Three typical cases: high, medium, low.

2. Hydrology (2 h, Mikael Sundby, Vattenfall)
• Hydrological cycle
• Potential energy: Topography, head
• Design flow and discharge capacity of a hydropower plant
• Runoff modelling: Precipitation, evaporation, water availability
• The importance of runoff predictions for the water value and water regulation (how to avoid and manage flooding).

3. Hydropower dispatch (4 h, Lennart Söder, Electrical power systems)
• Hydropower dispatch, regulation capacity, the impact of legal permissions
• Water value, how it is calculated, the impact of precipitation on the water value
• Planning and operation of hydropower plants
• Hydropower for balancing sun- and windpower.

4. Dams and other (concrete) structures (4 h, Fredrik Johansson and Richard Malm, Soil and rock mechanics and Sweco)
• Embankments dams
• Concrete structures
• Hydropower tunnels and rock caverns
• Design of foundations, sealing of soil and rock.

5. Turbines and other mechanical equipment (6 h, Bo Pettersson, Sweco)
• Turbines: Function, modern turbine types, main components of a turbine, principles for dimensioning, operating characteristics, the turbine equation, calculation and test methods, dynamic operating modes
• Valves
• Gates
• Auxiliary systems
• Standards
• Cavitation
• Historical development.

6. Generators, other electric and control equipment
 (4 h, Erik Byström, Fortum)
• Generators, transformers etc
• Control equipment
• Operation of a hydropower plant

7. Economy (8 h, Thomas Sandberg, Industrial economics and management)
• Basic economics: Profit & loss statement, balance statement, cash flow. Profitability, liquidity. Discounting (the value of future payments)
• From technology to economics: The dependence of economy on hydrology, topography and the basic components of equipment. Technical risks. The basic technical and economic principles
• Revenues, operating costs, capital costs. Which values are created, which revenues are generated. Different operating costs. Capital costs: depreciation, length of life, interest. Commercial risks
• Investment analysis: Methods to judge the profitability of investments
• Financing: Models of financing. Interest, amortisation and other loan conditions. Political risks
• Markets for power: Long-term agreements, day-ahead, intraday, balance power, regulating power, green certificates, certificates of origin
• Markets and policy instruments: Basic about the market mechanism. Different policy instruments. Limitations and imperfections of the market mechanism. External effects and their impact on the market
• Project management
• Business, entrepreneurs and companies in hydropower.

8. Local natural environment (4 h, Anders Wörman, River engineering; Birgitta Adell, Fortum)
• Integrated design of hydropower systems
• Fragmentation of rivers, consequences for national and foreign species, mitigation pathways
• Lake turnover of water temperature
• Solute and sediment transport, up- and downstream consequences
• Water conflicts (evaporation, irrigation, consumption)
• Hydropower regulation with limited environmental demands (the case of Dalälven)
• Mitigating the hydropower impact on the water environment
• A company strategy for promoting both environment and production.

9. Water law (4 h, Jonny Flodin, Real estate science and/or Thomas Sandberg, Industrial Economics and management)
• The legal regulation of hydropower plants (overview of present and older legal conditions, basic concepts like water operations, water structures, water area)
• Requisites for permit for a hydropower plant
• Consideration of an application for a hydropower plant, by whom and on what grounds
• The permit and its legal effects, inspection and revision of a permit
• The implementation of the EU Water Framework Directive.


4. Lectures, seminars, study visits
• Lectures 40 h (cf section 3 for their allocation on different subject areas). Not obligatory. ALL lectures take place in Indek, Lindstedtsvägen 30 (Sing-Sing) seminar room 443 (except 25.1 and 22.2 in 243). Don´t trust any other information from the central schedule service!
• Seminars 4 - 8 h: Presentation and discussion of the two project tasks. Obligatory. The smaller project 1 is individual and should give an overview over the legal conditions for hydropower in a country. The smaller project task is presented in a paper and orally on some lectures. The bigger project 2 is done by two students and can e g be to go deeper into one subject area in the course, to come up with a project plan for a new or restarted hydropower plant. The bigger project task is presented in a paper and orally on seminars Tuesday 27.2. Seminar room 643.
• Two study visits, one in hydropower plants in Uppsala Wednesday 24.1 and the other at Fortum in Stockholm Tuesday 13.2. Obligatory.



Tuesday 16.1 13 – 17 443	Course introduction. Thomas Sandberg, Industrial economics.

Wednesday 17.1 13 – 15 443	Hydraulic engineering. Fredrik Johansson, Soil and rock mechanics and Sweco.

Monday 22.1 13 – 15 443	Hydrology and production planning. Mikael Sundby, Vattenfall.

Tuesday 23.1 13 – 15 443	Reserve time..

Wednesday 24.1 08? – 16?	Study visit to a hydropower plant in Fyrisån north to Uppsala and fish ladders in Uppsala. Obligatory.

Thursday 25.1 13 – 15 243	Hydropower dispatch. Lennart Söder, Electrical power systems.


Monday 29.1 13 – 15 443	Hydropower dispatch. Lennart Söder, Electrical power systems.

Tuesday 30.1 13 – 15 443	Hydraulic engineering. Richard Malm, Soil and rock mechanics and Sweco.

Thursday 1.2 13 – 15 443	Generators, electrical and electronic equipment. Erik Byström, Fortum


Monday 5.2 13 – 15 443	Generators, electrical and electronic equipment. Erik Byström, Fortum.

Tuesday 6.2 13 – 15 443	Turbines, mechanical equipment. Bo Pettersson, Sweco.

Thursday 8.2 13– 15 443	Turbines, mechanical equipment. Bo Pettersson, Sweco.


Monday 12.2 13– 15 443	Turbines, mechanical equipment. Bo Pettersson, Sweco.

Tuesday 13.2 09? – 13?	Study visit: Fortum control centre in Värtan. Obligatory.

Wednesday 14.2 13 – 15 443	Hydropower economy. Thomas Sandberg, Industrial economics.

Thursday 15.2 13 – 15 443	Hydropower economy. Thomas Sandberg, Industrial economics


Monday 19.2 13 – 15 443	Hydropower economy. Thomas Sandberg, Industrial economics.

Tuesday 20.2 13 – 15 443	Hydropower economy. Thomas Sandberg, Industrial economics.


Thursday 22.2 13 – 15 243	Hydropower environment. Anders Wörman, River engineering.


Monday 26.2 13 – 15 443	Hydropower environment. Birgitta Adell, Fortum.

Tuesday 27.2 09? – 16? 643	Seminars, presentation of the bigger project task. Thomas Sandberg, Indek et al. Start and stop are preliminary. Obligatory.

Wednesday 28.2 13 – 15 443	Water law. Jonny Flodin, Real estate science and/or Thomas Sandberg, Industrial Economics.

Thursday 1.3 13 – 15 443	Water law. Jonny Flodin, Real estate science and/or Thomas Sandberg, Industrial Economics.



[bookmark: _GoBack]Tuesday 13.3 kl 14 – 18	Exam (B 22 and 23, but check time and place).



5. Literature
Firstly more general literature covering the whole hydropower area, secondly articles, books, reports etc specialised in parts of the area. Cf the list of literature on pp 6 – 7.


6. Eligibility
120 hp, i e accepted for year 3.


7. Examination
Firstly a written exam Tuesday 13.3 kl 14 – 18 B 22 and 23 (6 p), secondly a hydrological exercise, the smaller project work and the bigger project work (1,5 p).


8. Most other business
• Department in charge is Industrial economics and management (Indek), Lindstedtsvägen 30 (Sing-Sing).
• Contact person is Thomas Sandberg, Indek, professor em (and active in the hydropower industry), examiner Pär Blomkvist, Indek, associate professor.
• The course is given in period 3 and for the fifth time spring 2018 week 3 - 9.
• The course is given in English.
• More information Thomas Sandberg, thomas.sandberg@indek.kth.se, 08-790 6746, 072-731 8650.
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ME2083 Hydropower spring 2018: Course literature



General introduction
Wagner, H-J & Mathur, J, 2011, Introduction to Hydro Energy Systems. Springer Verlag, Berlin Heidelberg. 1 – 94, 111 – 126. (Electronically available as e-book at KTHB).

Kumar, A, Schei, T m fl, 2011, Hydropower. Chapter 5 i Ederhofer, O m fl, IPCC Special Report on Renewable Energy Sources and Climate Change Mitigation. Cambridge University Press, Cambridge and New York. 54 pages. (Electronically available on internet).


Hydrology
To be presented later.


River regulation
Söder, L, Planning and operation for an efficient production-load balance. Part of course literature in Power market analysis. 11 pages. (Electronically available in the course).

Söder, L, 2015, System studies of Sweden with close to 100 % renewable power supply. Submitted article. 18 pages. (Available as paper copy in the course).

Hydro Power as a Balance Resource”, NEPP Synthesis results. 2 pages. (Electronically available on http://nepp.se/pdf/hydro_power.pdf)


Dams and other concrete structures
Ansell, A m fl, 2012, Concrete Structures (course literature AF 2101). Civil engineering, KTH. TRITA-BKN, Report 143. Chapters 1, 2, 3.1 – 3.3, 4.1 (1 – 41, 71 – 78). 49 pages. (Electronically available in the course).

FERC, Engineering Guidelines for the Evaluation of Hydropower Projects. Chapter 3. 35 pages. (Electronically available on http://www.ferc.gov/industries/hydropower/safety/guidelines/eng-guide.asp).

Westberg, M, 2010, Reliability-based assessment of concrete dam stability. Chapter 4, 55 - 67. Structural Engineering, Lund University. 13 pages. (Electronically available on https://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=1566775&fileOId=1566804).


Turbines and other mechanical equipment
Penche, C m fl, 2004, Guide on how to develop a small hydropower plant. Chapter 6 Electromechanical equipment. European Small Hydropower Association, Brussels. 125 – 168. (Electronically available in the course).

ASME Hydro Power Technical Committee, 1996, The Guide to Hydropower Mechanical Design. American Society of Mechanical Engineers, H C I Publications. 275 pages. Only some parts according to later instructions.



Generators, other electric and control equipment
Penche, C m fl, 2004, Guide on how to develop a small hydropower plant. Chapter 6 Electromechanical equipment. European Small Hydropower Association, Brussels. 125 – 168. (Electronically available in the course).


Economy
Penche, C m fl, 2004, Guide on how to develop a small hydropower plant. Chapter 8. Economic analysis. European Small Hydropower Association, Brussels. 203 – 223. (Electronically available in the course).

Försund, F, 2007, Hydropower Economics. Chapter 10. Summary and Conclusions. Springer, New York. 239 – 249. (Electronically available as e-book in KTHB).

International Energy Agency (IEA), 2012, Technology Roadmap: Hydropower. IEA, Paris. 38 – 56. (Electronically available as e-book at KTHB and on internet).


Local natural environment
Baxter, R M, 1977, Environmental effects of dams and impoundments. Annual Review of Ecology and Systematics, vol 8, pp 255 – 283. (Electronically available in the course).

ICOLD, 2000, Position paper on dams and environment. 10 pp. (Electronically available in the course).

Penche, C m fl, 2004, Guide on how to develop a small hydropower plant. Chapter 7. Environmental impact and mitigation measures. European Small Hydropower Association, Brussels. 169 – 202. (Electronically available in the course).

Winemiller, K  et al, 2016, Balancing hydropower and biodiversity in the Amazon, Congo, and Mekong. Science, vol 351, pp 128 – 9. (Electronically available in the course and on internet).


Water laws
To be presented later.
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