Examination Renewable Energy Sources (4P510)

Date:

18 November 2004

Time:

14.00 – 17.00 hours

Note: Different lectures will correct the answers to the various problems for this examination. Would you be so kind to write down every answer on a different sheet of paper. Please note on every sheet of paper you use the following:

1. the problem number

2. your last name and initials

3. your identity (student) number

4. your department 

Should you write down answers to more than one problem on one piece of paper, then the first answer will be corrected and the other answers will be void.

Good luck!

Problem 1
General introduction

a) Why is it, that both the use of nuclear (fission) energy and of modern biomass contribute to the reduction of CO
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b) Why isn’t nuclear (fission) energy a sustainable energy source whereas modern biomass is?


c) What are the three mechanisms determining the magnitude of the rise of the average temperature observed on earth over the last 100 years?


d) What is the meaning of energy scenarios?


Problem 2
Biomass

a) Name 5 main “driving forces” which are of importance for the introduction of biomass.


b) What is the upper limit for the efficiency of the conversion of solar energy into biomass and what is obtained under practical conditions?


c) Give the chemical reaction for the conversion by fermentation of glucose into ethanol.


d) Each year 200 kg of wood (20 MJ/kg) is produced in a garden. In a power plant this wood is converted into electricity (efficiency of the plant is 50 %). How many kWh(e) are obtained from the wood?

Problem 3
Photovoltaic conversion

a) Give a short but accurate description of the principle of operation of a photovoltaic solar cell.


b) Name at least four different types of solar cells and their typical conversion efficiencies.


c) A large grid-connected photovoltaic system is installed in the field. The system consists of a number PV modules with a total area of 1000 m² and an inverter. The module efficiency is 12%. The overall system efficiency (modules + other components like inverter) is 10%. The yearly irradiation in the plane of the modules is 1100 kWh/m².
- What is the power delivered by the modules at Standard Test Conditions (irradiance 1000 W/m², 25
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 cell temperature and AM 1.5 spectrum)?
- What is the power delivered by the system as a whole at Standard Test Condition?
- What is the yearly energy yield of the system as a whole?

Problem 4
Solar collectors

a) Make a sketch of a flat-plate solar collector. Indicate the most important elements 
of the collector and describe their main functions.


b) The figure below shows the collector efficiencies as a function of the reduced temperature for three different collector types: an uncovered flat plate collector, a covered flat plate collector and a vacuum tube collector. Indicate which line belongs to each collector type and explain why the zero efficiencies and the slope of the collector efficiency curves are different.
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Problem 5
Renewable energy in the built environment

a) Give the heat balance of a house. The balance should contain at least five 
different terms. Explain the mechanism of each heat balance term.


b) Below a schematic of a compression heat pump is given. Indicate the four main components of this heat pump and describe their function. Give an indication of the temperature and pressure level in each component.
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c) State the three main principles of heat storage. Describe their working principle.

Problem 6
Windenergy

a) Wind is not constant, but changes in time. The variability of the wind can be 
expressed on several time scales, from seconds to years. Show the typical time scale of wind speed variations in a figure, with the time scale on the horizontal axis and the energy content or contribution to the variation at the vertical axis. Indicate along the horizontal axis which time scale applies where. 


b) The wind speed distribution, averaged on a 10 minute basis, is known to be well represented by a Weibull distribution. Show graphically at least two distributions for different shape parameters k (typically k~2 and k~5), indicate what the axes are, and explain the difference between the two distributions with physical arguments.


c) Any distribution can be integrated to give a cumulative wind speed distribution. 
From this, it is derived for the Weibull distribution that the part of the time that wind speeds higher than V occur is given by F(V):

F(V) = 
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Now the characteristic speed C = 9 m/s, and the shape factor k = 2. We assume 
that the energy production of a wind turbine is constant for V>Vrated (which is the wind speed at which the rated or nominal generator power is reached). At a certain wind speed V=Vstop the turbine is stopped. 
Calculate, for Vrated=13 m/s, how many hours per year the turbine operates at rated power for Vstop= 20, 25 and 30 m/s. 

d) The total yearly energy production of the turbine with Vrated=13 m/s and Vstop= 
25m/s is assumed to be the same as if the turbine operates at rated power during 25% of the year, so during 2190 hours, and no power during the remaining hours. If Vstop is changed, this number of hours changes. Calculate the de- and increase in annual production in %, when Vstop = 20 or 30 m/s instead of 25 m/s.


Problem 7
Hydropower

Consider a hydropower system as shown in the schematic below. River water enters a flume (top left) and exits through a nozzle (bottom right) onto a bucket arrangement (rotating part).
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The rotating part is big compared to the total head of the installation; its diameter D is equal to the depth of the flume (also D).

Right after the water exits the nozzle, it hits the bucket arrangement with considerable force and fills-up a bucket, with which it steadily moves downward to the tailrace water level.

Questions:

a) Does this system, strictly speaking, comprise a water wheel or turbine 
installation?  Motivate your answer.


b) What is the velocity of the water exiting the nozzle, expressed in the flume depth D. Assume a perfect conversion of potential in kinetic energy.


c) Directly after the water has hit the bucket, is remains in the bucket and moves further with it. If the peripheral velocity of the buckets is half the nozzle exit velocity, with what force does the water flow hit the buckets, expressed in nozzle exit velocity V and mass flux 
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d) What power (expressed in 
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 en D) is delivered by the water after it has hit the buckets, during downward movement to tailrace level? Neglect loss of water before the tailrace level is reached.


e) What is your estimate regarding the total efficiency for conversion of potential to mechanical power? Motivate your answer!

Problem 8
Hydrogen

a) Give a thorough foundation how and why hydrogen can contribute to a 
sustainable energy supply.
(text length about half a page).
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