Examination Renewable Energy Sources (4P510)

Date:

January 17, 2005

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) Give an accurate explanation of the (extra) greenhouse effect.


b) Mention at least 5 different greenhouse gasses.


c) Mention 4 essential different methods for the reduction of the CO
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 concentration in the atmosphere.


Problem 2
Biomass

a) What are the three most important chemical elements of wood?


b) What is the difference between the gross caloric value (HHV) and the net caloric value (LHV)? Why is the LHV mostly used?


c) What is torrefaction? Give 4 important characteristics of torrefied wood.


d) The yield of rapeseed oil from 1 ha land is 1500 liter (36 MJ/liter). Somebody owns a car with a power of 40 kW; the efficiency of the car is 25 %. How many hours can the car drive with the power of 40 kW?

Problem 3
Photovoltaic conversion

a) What are the main loss mechanisms in a photovoltaic solar cell?


b) By means of an autonomous photovoltaic system, a television set is supplied with energy. The television set needs to operate for 4 hours every night. The power consumption of the television set is 40 W. Calculate the required PV module surface given
-
the daily irradiance is 4 kWh/m² per day every day,
-
the PV module efficiency is 10%,
-
the battery storage efficiency is 80%.

Problem 4
Solar collectors


a) Give the definition of the momentaneous collector efficiency and give the formula.


b)
The efficiency of a solar collector is given by:
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Give a description of all quantities in this formula plus their units.


c)
Give the definition of the collector stagnation temperature.


d)
Make a scetch of a figure in which the relation between zero efficiency and heat loss factor is given with the stagnation temperature at 200 (C  at an irradiance of 1000 W/m2 and an ambient temperature of 30 (C. Use the above formula.

Problem 5
Renewable energy in the built environment


a) Which two functions of a window are the most important for the heat balance of a building


b) Give three different ways to reduce the energy consumption of a building.


c) An electric compression heat pump transfers heat from 15 (C to 55 (C. The compressor needs 1 kW of electrical power to let the heat pump deliver 5 kW of heat.


The compressor is one of the four main components of the heat pump.


a) 
which are the three other main components?


b)
give the definition of the COP.


c) 
calculate the ideal (Carnot)COP of this heat pump.


d)
what is the actual COP of this heat pump.

Problem 6
Windenergy


a) Give the equation for the power that the wind turbine absorbs from the air, expressed in the power coefficient Cp, air density wind speed U en rotor area A. 


b) Explain what the coefficient Cp is, and why it has a maximum.


c) For an existing rotor with a fixed blade pitch angle θ, the coefficient Cp depends on the wind speed U and the controllable rotor speed Ω. What is the best choice for Ω, with respect to optimization of the energy production: to keep Ω constant, or to let it vary with the wind speed U? Explain your answer.


d) What is the tip speed ratio? Use this to explain why the rotor speed of wind turbines decreases with increasing diameter.
Problem 7
Hydropower

Turbine technology:

In the schematics below two turbines are given, a Pelton (A) and a Propeller turbine (B)
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A
      B

a) Of which type is turbine (A) and of which type turbine (B): Impulse or Reaction?

b) Which turbine rotates fastest (i.e. which turbine has the highest dimensionless speed), for a given head and flow rate, turbine (A) or (B).

c) Why is turbine (A) used at relatively high heads and low flow rates and turbine (B) at low head and high flow rates?

Hydropower general:

d) Why are turbines never located at the beginning (top, entrance) of a penstock tube, for heads > 10 meters.

e) Even if friction would not exist, the efficiency for conversion of hydro potential energy into mechanical energy can never be 100 %. Why, which energy loss is always present?

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).













1
PAGE  

_1166354765.unknown

_1023300230.unknown

