
 

 

OCD19 
 

UNIVERSITY OF BOLTON 

OFF CAMPUS DIVISION 

WESTERN INTERNATIONAL COLLEGE 

BENG(HONS) ELECTRICAL AND ELECTRONIC 

ENGINEERING  

SEMESTER ONE EXAMINATION  2023/24  

 RENEWABLE ENERGIES 

MODULE NO: EEE6016 

 
Date: Saturday 13 January 2024              Time: 10:00 AM – 12:30 PM  
       
       ________________________ 
 
 
INSTRUCTIONS TO CANDIDATES:  
       There are FIVE questions on this 

paper. 
 
                             Answer ANY FOUR questions. 
 
                             All questions carry equal marks. 
 
        ________________________ 
  

PAST
 E

XAM
IN

ATIO
N



Page 2 of 14 
University of Bolton  
Off Campus Division, Western International College 
BEng(Hons) Electrical & Electronic Engineering  
Semester 1 Examination 2023/24 
Renewable energies 
Module No. EEE6016 

 

 
Question 1  
a) Using a schematic diagram discuss the working principle of Hydrogen fuel cell.                                                                                                                     

(4 marks) 
b) A fuel cell employs the reaction below, 
 

A + B → AB. 
Given that for each molecule of AB, 2 electrons circulate in the load and relevant 

thermodynamic data at RTP 

                                         
 Table 1 - Thermodynamic data 

 
 Enthalpy of formation  

MJ/kmole 
 

kJ/K mole 
A(g) 0 100 
B(g) 0 150 

AB(g) -200 200 
 

Determine the reversible voltage generated by the fuel cell.  

(8 marks) 

c) Consider an electrolyser in which there are 250 series connected cells each             

one having the below characteristics,  

                                        V = 1.420 + 20 × 10-6 I, operating at 20,000 A. 
      Determine the following. 

 
I.  The total voltage that must be applied.                                    

 (5 marks) 

II.  The hydrogen production rate in kg / day.                               

 (3 marks) 

III.  The rate of water consumption in m3 / day.                               

(3 marks) 

IV.  The heat power rejected.                                                         

 (2 marks) 

 Total 25 marks 
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Question 2  
A hydrogen/Oxygen fuel cell has a V-J characteristic (at RTP) given by  

VL=0.98 -10-3J. 

The active area of its electrodes is 0.44m2. The water is exhausted from the cell in 

gaseous form. 

i. Evaluate rate of heat production when the cell is open circuited? 

(2 marks) 

ii. Assess the rate of heat production when the cell is short circuited? 

(6 marks) 

iii. Analyse the heat production when the cell is connected to a load that 

maximizes the power output? 

(5 marks) 

iv. Calculate the efficiencies of the cell under the 3 conditions above? 

(3 marks) 

v. Analyse the efficiency of the cell if it delivers half of the maximum power. 

(9 marks) 

                                                                                                              Total 25 marks 
 
 
 
Question 3 
The electrical load for a residential building situated in the UAE is given in Table 2. 

Given, Peak sun hours= 5.84; Battery depth of discharge = 80%;  

 

 

 

Question 3 continued over… 
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Question 3 continued… 
 

Table 2 - Electrical load of appliances 

Loads Quantity Watts hrs 
TV 1 200 8 
Blender 1 1200 0.8 
Washing machine 1 800 1.5 
Lamps 15 10 6 
Microwave 1 1000 0.5 
Iron 1 1800 0.5 
Refrigerator  1 350 4 
Vacuum cleaner 1 1700 0.5 
Water heater 4 1800 1 
Ceiling Fan 6 150 10 
Air conditioner 3 2500 8 
Desktop Computer 2 200 10 
Laptop 4 100 3 
Motor 1 500 2 

                                                                                               

Design a roof-top off-grid Solar PV System for the given load. The specifications are 

provided in appendix.                               

                                                                                                         Total 25 marks 
 

 
Question 4 
A Nordex 55-m diameter wind turbine having a rated power of 1MW is installed at a 

hub height wind speed of 14m/s. It has a cut-in speed of 4m/s and a cut-out speed of 

25m/s. Assume that this machine is located at a site where the mean wind speed is 

10m/s and that a Rayleigh wind speed distribution can be used. Calculate the following 

 

 

Question 4 continued over… 
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Question 4 continued… 
 

i. Determine number of hours per year that the wind turbine is below the cut-in 

speed and the number of hours when the machine will be shut down due to 

wind speeds above the cut-out velocity.                                               

(5 marks) 

 
ii. Calculate the annual energy production (in kWh) when the Nordex 60 m 

diameter wind turbine operates at its rated power.                                

(5 marks) 

 

iii. Evaluate the overall average efficiency of the turbine and assess its productivity 

in terms of kWh/year delivered per square meter of swept area.             

(7 marks) 

 

iv. Assess the capacity factor of the wind turbine based on the given information.                   

                                                                                                             (3 marks) 

 

v. Discuss the major components of a Horizontal axis wind turbine and explain 

why each part is important for the turbine to function effectively.                   

                                                                                                             (5 marks) 

                                                                                                           (Total 25 marks) 
 
Question 5 
 A 40m diameter, three bladed Horizontal axis wind turbine produces 700KW at a  

       wind speed of 14m/s at a height of 20m.The air density is 1.225kg/𝑚𝑚3. 

 
Question 5 continued over… 
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Question 5 continued… 
 

i. Evaluate tip speed ratio for an HAWT with a 50 rpm rotor speed. Determine the 

gear ratio needed to sync with an 1800 rpm generator. Compare calculated tip 

speed ratio to optimal values and analyse the potential implications on the wind 

turbine's operation.                                                                                 

 (8 marks)             

ii.  Analyse the efficiency of the given wind turbine system?               

                                                                                                             (3 marks)        

iii. Determine the wind speed if the wind turbine is kept at a height of 40m over     

surface terrain with a few trees (Surface roughness length for the given terrain 

is 100mm) using both Logarithm Wind profile and Power law wind profile 

estimation methods. Assume power law exponent as 0.142.                                                

                                                                                                                   (5 marks) 

iv. Evaluate the ratio of available power in the wind at the highest point the rotor 

reaches to its lowest point.                                                                       (2 marks)  

  

v. Determine the maximum axial thrust, centrifugal force acting on the blade root, 

and the torque coefficient of the turbine based on the provided HAWT 

specifications.                                                                                      (7 marks)                                                                                                                                                                                            

                                                                                                          Total 25 marks 

 
 
 
 
 
 
 
 
 

END OF QUESTIONS 
Please turn over for equations sheet 
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EQUATION SHEET 
Wind  
 
1 miles per hour =  
Wind power, P =  

Swept Area, A =  

Power Density =  

Coefficient of Power,  

Tip speed ratio (TSR) ,  =  

Tip speed of the rotor blade =  

Distance travelled by tip = 2πr 
Time taken for 1 revolution=  

Optimal tip speed,  =   

   n- number of blades 
 
Gear ratio =   

Annual energy production = turbine efficiency x power in wind x operation hours in 1  
                                             Year. 
 
Capacity Factor(C.F) = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐷𝐷𝐸𝐸𝐴𝐴𝐷𝐷𝐷𝐷𝐸𝐸𝐸𝐸𝐸𝐸𝐷𝐷

𝑅𝑅𝐴𝐴𝐴𝐴𝐸𝐸𝐷𝐷 𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸∗8760
 

 
Maximum Axial Thrust,  

Centrifugal Force (Torque),  
Torque coefficient,  

λ- Tip speed ratio 
Angular velocity of rotor, ω =  
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Rayleigh pdf, f(v)=   

 
Total hours the wind blow in v m/s in 1 year = 8760x f(v) 
Energy delivered = Power x time 
Average Power,  =  

 Average Efficiency =  

Productivity =  

 
 
PV: 
 
DC system voltage = Inverter DC input voltage (usually 12, 24 or 48 VDC)                           
 

  

 
 
 
total average amp-hours per day needed=  (to 
compensate for battery charge/discharge losses.) 
 
the total solar array amps required =  

 
 
Sizing Solar Arrays with MPPT Charge Controllers 
 
average charging voltage.  
Use 13.5 VDC for 12 VDC systems;  
27 VDC for 24 VDC systems;  
54 VDC for 48 VDC systems. 
 
total PV array wattage required= total solar array amps required *  the average 
charging voltage  
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Battery size  
 
 
 

 

 
 
 

 
 

No of batteries = Total Ampere hours 
 
                                                                             Ampere hours of single battery 
Inverter size                                                                                  

 

 
Wire size                                                                                       
 
Maximum Design current= S.C. Current of PV Panel× No. of string× Safety Factor 
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Panel specification  
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Inverter specifications 
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Battery specification 
 

 

 
 
FUEL CELL: 
 
STP (Standard Temperature Pressure): 1 atmosphere, 273.15K 
 
RTP (Reference Temperature Pressure): 1 atmosphere, 298.15K 
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Heat generation (Second law of thermodynamics): 
 

 
 
Free Energy: 
 
 

 
 

  Where  is enthalpy of formation,  is Entropy is 
temperature 
 
Reversible Voltage: 
 

 

 
q=1.6 x 10-19 

 

N0=6.023 x 1026 

 

 

 

 

Enthalpy of Hydrogen   ∆h= 241.8 x 106  
 
Hydrogen production rate: 
  

 

 
 | ∆  |  
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µ=2.6 
 
R=8314 
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