Examination Renewable Energy Sources (4P510)

Date:

14 November 2005

Time:

09.00 – 12.00 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

Sketch a picture (about 150 words) of the world-wide energy supply in the year 2050. Include the role of renewable energy supply in the year 2050. Include the role of renewable energy sources. Discuss measures other then the large scale application of renewable energy sources to reduce CO2 emissions, as well.

Problem 2
Biomass

a) 
What is the chemical equation of the photosynthesis process? Is this process 
endothermal or exothermal?


b) 
Give a drawing (sketch) of a Circulating Fluid Bed (CFB) reactor.


c) 
Give four attractive characteristics of torrefied wood.


d) 
A motor has a power of 40 kW and the efficiency is 40 %. The motor runs for one hour on bio diesel (36 MJ/litre). How much litre is used?

Problem 3
Photovoltaic conversion

a) What is the function of a p-n junction in a crystalline silicon solar cell?


b) Make a detailed drawing of an autonomous photovoltaic system.


c) Give an accurate description of the function of all components in an autonomous photovoltaic system.


d) Mention at least 3 different applications of autonomous photovoltaic systems.


Problem 4
Solar collectors


a) Make a sketch of a flat-plate solar collector and indicate what the main components are. Describe the function of these main components.

b) Give the definition of the instantaneous collector efficiency, in words or in formula.
 

c) Define the stagnation temperature of a solar collector.

d) Sketch a typical efficiency curve of a flat plate solar collector and of an uncovered swimming pool collector. On the horizontal axis the temperature difference between the collector inlet and the ambient is represented. The curves can be qualitative, no exact numbers needed. Explain how the collector heat loss coefficient can be derived from the curves.

Problem 5
Renewable Energy in the Built Environment

a.) 
Describe the three consecutive steps one should make to arrive at a maximal share of renewables in the built environment.
 

b) 
A wall consists of three layers: an outer brick layer of 10 cm, 30 cm polystyrene and an inner wood board of 2.5 cm. 
Calculate the heat resistance value of the construction R​C if the thermal conductance of the materials are 1.0, 0.03 and 0.07 W/mK respectively.
What has to be taken into account if one wants to calculate the total heat resistance R, not only the construction heat resistance RC?
 

Problem 6
Windenergy

a) 
Give the equation for the power P that a wind turbine takes from the wind, 
expressed in the dimensionless coefficient Cp, air density (, wind speed U and rotor area A.


b) 
The wind speed U has a certain power, say x: Ux, in this equation. Explain the value of x.


c) 
The coefficient Cp can be considered as an aerodynamic efficiency. Explain with physical arguments why this efficiency has to be smaller than 1.


d) 
What is the tip speed ratio? Explain why this is such an important design parameter?


e) 
For a rotor with a fixed geometry (so with a fixed pitch angle) the coefficient Cp depends only on the wind speed U and the adjustable rotational speed Ω. What is the best strategy to maximize the energy production: to keep Ω constant regardless U, or let it vary linearly with U? Explain your answer.

Problem 7
Hydropower


Hydropower in the IJsselmeer dam

Last summer a test took place in one of the spillways discharging superfluous water from the IJsselmeer into the Waddenzee. The test comprised a free flow water turbine mounted inside one of the spillways.
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In the photograph the turbine is visible, before it is submerged. The schematic gives an indication of dimensions en flow field, before the turbine (designated dashed) is mounted into the spillway. Assume that the flow inside the spillway is frictionless.

Questions:

a) When the flow velocity at cross‑section (B) is 2 m/s and, as indicated by the figure, is uniformly distributed over the cross-section, then what is the volume flow rate of water discharged into the Waddenzee? (turbine is not installed).

b) What is the kinetic energy content of the water passing through the cross section (B), per second? (turbine is not installed).

c) Assuming that the inflow from the IJsselmeer is frictionless and the flow velocity at point “A” is negligible, then what is the difference in water level between point A “IJsselmeer” and the 2 m/s cross-section B. Suggestion: Apply “Bernoulli” to a water surface streamline.
d) The water level difference between the IJsselmeer and the Waddenzee represents a difference in potential energy. What happens to the potential energy, when the turbine is not installed? To what form of energy is it converted, finally?

e) After installation of the turbine, the system efficiency for hydro-electric conversion is 10 %. In that case, what is the electrical power output?

Problem 8
Hydrogen

In order for hydrogen to be introduced as a transportation fuel, a number of stakeholders need to come together.

a) Name the 3 or 4 most relevant stakeholders, and describe their main role.


b) Write a short essay (½ - 1 A4) in which you discuss the rationale for the introduction of hydrogen, discussing also the role of the various stakeholder groups identified under (a).
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