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Problem 1 General introduction 
 

a) What was the average energy use of mankind in kW per capita through history, 
so ranging from the prehistoric man to the technological man. 

 
 

b) Given the total primary energy usage of 500 EJ in the year 2010, calculate the 
surface area needed in the Sahara desert to generate our electricity needs using 
PV or Concentrated Solar Power. Clearly state your assumptions. (4 points) 
 
20% electricity so 100 EJ per year. Assume the following: 
- 30% efficiency for the plant; 
- 75 % reduction due to day-night effect, summer-winter effect, clear skies 

versus cloudy days; 
- 25% occupancy of space; 
- 50% transport losses to other continents 
 
This leads to a total efficiency of 1% so 10 MW/km2, 30.1013 J/(km2.year). Per 
year we need 100.1018 J. This leads to a total area of around 0.3.106 km2, which 
is around 550x550 km. 
 

c) List different methods to reduce CO2 emissions in order of importance. 
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d) What are the 3 main key factors in an energy scenario determining the 

development of future global energy demand? Explain your answer. 

 
 

e) Explain the extra greenhouse effect. 
The extra greenhouse effect is the effect caused by the increase of the 
concentration of greenhouse gases over time. These concentrations are not only 
increased by the burning of fossil fuels but by other activities as well like 
biological decomposition processes under swampy conditions or wet growing of 
rice (these 2 examples are just named to show that changes in concentration of 
greenhouse gases are not solely related to the burning of fossil fuels). 

 
Problem 2 Built environment 
 

a. Main answer (80%):  
Basic: human health & comfort, a good indoor air quality requires mechanical 
ventilation, without this a good IAQ cannot be guaranteed.  
Additional:  
Ecological: Requires a reliable energy source, if renewables are used back-up 
(storage) might be necessary. 
Strategic: Robust to rises in market price of energy, low demand feasible to 
become self-supplying. 
Economical: (Gas) infrastructure might become uneconomical, (same investment, 
lower consumption). 
Local: No direct link. 
Functional: It will require higher maintenance. 

b. Passive: increase of insulation; air tight construction, improved glazing 
 Active: condensing boilers, hp, ventilation with heat recovery 

c. When building get larger the required m2 of façade per m2 of floor space 
decreases, so the heat loss per m2 of floor space reduces.  

d. See syllabus 
 
Problem 3 Photovoltaics 
 
Problem 3 Photovoltaic conversion 
 
3. 1 Describe which phenomena take place when sunlight strikes on a crystalline silicon 
solar cell. In detail, answer the following questions and motivate your answers.  
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a) Which photons are responsible for carrier generation? (1 point) 

b) Where are the carriers generated within the c-Si solar cell? (1 point) 

c) Where does carrier separation occur? Explain this concept by making use of the band 
diagram of the p-n junction. (3 points)  

 

a) Photons having an energy equal or above the band gap of c-Si (1.1 eV) can generate 
carriers. 

b) Photo-generation of electron-hole pairs principally occurs in the thick p-doped Si wafer 
since this is much thicker (in the order of hundreds of um) with respect to the n-type Si 
(in the order of tens of nm). 

c) Carrier separation occurs at the p-n junction where charges are separated because of the 
electric field developed at the junction region.  

 

 
3.2 According to the Shockley-Queisser  limit, there is a maximum theoretical efficiency as 
function of the band gap of the semiconductor when using a single p-n junction. 

a) Explain the presence of the maximum as function of the band gap. (2 points) 
b) According to the above-mentioned limit, the c-Si solar cell should have an efficiency of 

25%. The commercial solar cells, however, are characterized by efficiency values well 
below 25%.  Explain in detail the main loss mechanisms occurring in a commercial solar 
cell.  ( 3 points) 

 

The maximum develops as it follows: for value of band bap below 1.4 eV the efficiency 
increases as there is a positive effect on the VOC since the efficiency is directly 
proportional to VOC (and the Is decreases as the band gap increases). As the band gap 
increases, the no of absorbed photons decreases and the efficiency drops. 
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The mismatch between the theoretical value and the value for a commercial solar cell is 
due to several loss mechanisms. These are the spectral mismatch, contact shadowing and 
reflection loss, fundamental generation and recombination. 

Two of these effects should be explained in detail. 

 

3.3 Answer the following subquestions: 

a) Draw the diagram of the power-voltage (PV) characteristics of a solar cell and indicate 
where the maximum power point (Pmp) is located. (1 pt) 

b) Calculate the Pmp for a solar cell characterized by a fill factor (FF) of 0.70, a short circuit 
current (ISC) of 35 mA/cm2 and an open circuit voltage (VOC) of 600 mV. (2 points) 

c) Define the standard test conditions and calculate the electrical efficiency of this solar cell 
(2 points). 
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The standard test conditions are 1000W/m2 of irradiance, solar spectrum AM 1.5 and cell 
temperature of 25 deg. The efficiency is then 14.7%: 
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3.4 Make an accurate sketch of a grid-connected PV system and describe the function of its 
several components. ( 5points) 

 
 

22 /7.14/35*60.0*70.0 cmmWcmmAVVFFIVIP ocscmpmpmp 
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• PV module in strings and arrays 
• DC coupling box: separators, fuses, overvoltage protection, DC-switch 
•  Inverter: the output voltage is chosen according to the load requirement: 220-230V 

single phase for domestic appliance and 415V three phase for large area building 
 
 
Problem 4 Hydropower 
 
1) Like the Pelton, with a free water jet hitting curved blades, the Turgo is: 

a) An impulse turbine 

2) As there is no change of pressure, no change of velocity (Bernouilli). Inlet velocity: 

a) Equals outlet velocity. 

3) The circumferential impulse F [N] of the water jet, driving the runner is equal to: 

c) m (sin 60) Vout 

4) When in the velocity diagram the peripheral speed is added (in vector sense) to the 
outlet velocity, the absolute outlet velocity is vertical (downward) and in magnitude 
minimal. The turbine operates: 

a) At adequate rotational speed 

5) Like the Pelton turbine, the rotor is big with respect to size of the nozzle and water 
flux. Also, the peripheral speed is in the same order of magnitude as inlet (and outlet 
velocity; hence a relatively slow runner (again, as the Pelton). 
The Turgo Turbine is especially suited for applications, characterised by: 

b) Low dimensionless speed  and large dimensionless diameter  
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Problem 5 Hydrogen technology 
 
Hydrogen plays already an important role in the production of clean transportation fuels. 
It might become an efficient energy carrier in the future facilitating a shift to a 
sustainable low carbon society. 
 

a. What is currently the main route for H2 production? Why is this process not 
regarded as a sustainable production process for hydrogen? 

 

Steam reforming of CH4, gasification of oil and coal 

 Not sustainable because it makes use of finite fossil resources, predominantly 
natural gas but also oil and coal, leading to undesired CO2 emissions. 

 

b. Mention at least three other ways to make H2 in a (more) sustainable manner and 
discuss briefly the main aspects. 

1. Pre- or post-combustion CO2 capture during steam reforming or other 
methods to gasify fossil resources; adequate solution for the medium term if 
combined with CO2 sequestration 

2. Gasification of biomass; partly carbon neutral 
3. Hydrogen by electrolysis with electricity from renewable energy resources 

such as wind, solar, hydro power; efficiencies of electrolyzers & their costs 
are important challenges. 

4. Direct photocatalytic water splitting with solar light; very challenging 
 
Fuel cells are efficient devices for the conversion of chemical energy in electricity.  
 

c. Give a schematic representation of a fuel cell and give the two electrochemical 
halfreactions of a hydrogen fuel cell. 

 
Note that for a PEMFC not O2- but H+ is being transferred from anode to cathode 
through the electrolyte. Both answers are correct. 
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d. What is the difference between a proton exchange membrane fuel cell and a solid 
oxide fuel cell in terms of the electrolyte? What does this mean for the operating 
temperatures of the two types of cells? 

 

Proton exchange membrane: transport of H+ (protons) through sulfonic acid resin 
at relatively low temperatures (80-120 ˚C) 

Solid oxide fuel cell: transport of O2- anions through oxide material at relatively 
high temperature (> 600 ˚C) 

 

Instead of hydrogen, methanol (CH3OH) is another type of fuel which can be used to 
drive a direct methanol fuel cell. The overall reaction in this fuel cell is CH3OH + 3/2 O2 
→ 2 H2O + CO2 

 

Given the following Gibbs free and standard enthalpies of formation: 

Compound Gf (kJ/mol) Hf(kJ/mol)

CH3OH (l) -163 -238 

H2O (l) -237 -286 

CO2 (g) -394 -394 

N.B.:  - the Gibbs free energies and standard enthalpies of formation of the elements are 
zero 
 - Faraday’s constant, F = 96485 C/mol 
 

e. Compute the Gibbs free and standard enthalpy changes for the overall 
electrochemical reaction. 

Gr = {2 (-237) + (-394)} – { (-163) + 3/2  (0)} = -705 kJ/mol 

Hr = {2 (-286) + (-394)} – { (-238) + 3/2  (0)} = -728 kJ/mol 

  

f. Compute the maximum efficiency of a direct methanol fuel. 

max = Gr / Hr = 705/728  100% = 97% 

 

g. Calculate the open circuit potential. 

E0 = Gr/NF = 705000 / (6  96493) = 1.22 V 
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