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								    				    Question 1



(a)



The use of low low grade heat heat in Renewable Energy applications is widespread. For example, in a domestic installation which consists of a small CHP wood-chip unit, the electric power output is used for electrical appliances and the heat is used for space heating in winter. Explain how the heat output could be used for space cooling in summer. [10 Marks]



(b)



Give advice on orientation and construction measures that should be followed to make use of passive solar heating in buildings. [10 Marks]



(c)



Making use of a schematic diagram, explain how an e lectric current is produced in a photovoltaic cell. [10 Marks]



Question 2



A Renewable Energy hybrid system in a remote location in Italy is planned to be composed of PV solar panels and a low head small hydro hydro power generation. The owner of this mountain ‘retreat’, Signor Franco is going to divert water from the Ticino River, tributary to the Po, at a rate of 150 lt/s. Within his plot of land, Sr Franco can make use use of up to 15m head. Making use of the data data sheets provided: provided:



(a)



Estimate the size of the solar and hydro power resources in kW. [5 Marks]



(b)



2



If the budget available allows for 8m   of PV panel to be installed, estimate the power output of the hybrid system, clearly stating all the necessary assumptions you may need to make. [10 Marks]



(c)



With the aid of a schematic schematic diagram, explain the components of the system. system. Detail the necessary electric signal conditioning in order to have a 230V, 50Hz power output at the point of appliance use. [10 Marks]



(d)



Comment on the environmental impact of the system proposed. [5 Marks]
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 Question 3



A site at the coast c oast of North Devon is being developed as a demonstration plant for wind and wave power. The annual average wind speed at 35 m above the ground ground is 7m/s, at 70m height is 8.5m/s and at 90m is 11m/s. When estimating the wave power resources, it was found that the annual average significant height and up-crossing periods for the sea state at the shore were 7.5m and 11.8s respectively. Vestas wind turbines want to promote their product and are supplying their V42-600 at half price and their specification and retail price are given below. Vestas V42-600 • • • • • • • •



600 kW nameplate capacity at 16 m/s Cut-in speed at 4 m/s Cut-out speed at 25 m/s sustained winds Rotor diameter equals 42 meters Tower height at hub is 40 meters Total height to top of blade tip is 61 meters 30 RPM £15,000 ex-works



Based on the information given above and in the attached data sheet, calculate (a)



the size of the wind and wave resources [6 marks]



(b)



draw the speed-power curve of the Vestas 42-600 turbine [6 marks]



(c)



propose an integrated wind-wave power generation system, explain the main components work and comment on the feasibility of such a system [12 marks]



(d)



comment on the environmental impacts of both technologies [6 marks]
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 Question 3



A site at the coast c oast of North Devon is being developed as a demonstration plant for wind and wave power. The annual average wind speed at 35 m above the ground ground is 7m/s, at 70m height is 8.5m/s and at 90m is 11m/s. When estimating the wave power resources, it was found that the annual average significant height and up-crossing periods for the sea state at the shore were 7.5m and 11.8s respectively. Vestas wind turbines want to promote their product and are supplying their V42-600 at half price and their specification and retail price are given below. Vestas V42-600 • • • • • • • •



600 kW nameplate capacity at 16 m/s Cut-in speed at 4 m/s Cut-out speed at 25 m/s sustained winds Rotor diameter equals 42 meters Tower height at hub is 40 meters Total height to top of blade tip is 61 meters 30 RPM £15,000 ex-works



Based on the information given above and in the attached data sheet, calculate (a)



the size of the wind and wave resources [6 marks]



(b)



draw the speed-power curve of the Vestas 42-600 turbine [6 marks]



(c)



propose an integrated wind-wave power generation system, explain the main components work and comment on the feasibility of such a system [12 marks]



(d)



comment on the environmental impacts of both technologies [6 marks]
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 Question 4



A 35MWe Municipal Waste Incinerator burns household waste at a rate of 40 tonnes per hour.



(a)



If the overall conversion efficiency, to electricity only, is 33% what is the Gross Calorific Value of the fuel? [6 Marks]



(b)



If the unit is used as a CHP system and in addition to the 35 MWe, it will generate 45MW of usable heat, calculate the overall efficiency of t he CHP unit. [6 Marks]



(c)



Draw a schematic flow diagram of a co-generation system for Combined Heat and Power. [6 Marks]



(d)



The composition of the waste is given given below. If 40% excess air is needed to burn burn the fuel, calculate the total air flow rate into the furnace in [kg of Air/kg of Fuel], neglecting the Hydrogen, Nitrogen and Sulphur content. [6 Marks]



(e)



If a Municipal Incinerator for CHP were to be installed in your district, what would be the issues you’ll raise, to the local Government and the commercial consortium responsible for the project, to ensure the installation will be environmentally acceptable as well as to the residents’ advantage? [6 Marks] Domestic Waste Fuel Composition Elemental Weight, Composition % dry basis C 40 H 5 N 7 O 26 S 4 Ash 18



Molecular Weight, kg/kmol 12 1 14 16 32
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 Question 5 HEAT TRANSFER



(a) Heat loss through a single pane window A 0.8m high and 1.5m wide glass window with a thickness of 8mm and a thermal o conductivity of k=0.78W/m C. Determine (i) the steady rate of heat transfer through this glass window and [10 marks] (ii) the temperature of its inner surface for a day during which the room is maintained at o o 20 C while the temperature outdoors is -10 C. Take the heat transfer coefficients on 2. o 2. o the inner and outer surfaces of the window to be h 1=10W/m C and h2=40 W/m C, which includes the effects of radiation. [5 marks] (b)Radiation 2 A high temperature stove of surface area 0.3m   and radiation coefficient ε1=0.9 is 2 covered by a protection screen for which the surface area is 1.2m  and ε2=0.5. Both are 2 in a room which wall surface area is 24m  and emission coefficient ε3=0.8. The stove o and room temperatures are 800 and 20 C respectively. Calculate the temperature of the screen as well as the heat transferred by radiation  -8 2 4 between the stove and the room. Boltzmann constant of radiation is 5.67x10 W/m K 2 4 (Cc=5.67x W/m K ) [15 marks]



Question 6



Spain has published a White Paper committing to have 20% of their hot water domestic demand provided by solar power by 2015. (a) Comment on the environmental, social and technical issues that may a rise from such implementation. [8 marks] (b) Making use of a schematic diagram explain the components of a pump driven flat plate system. [8 marks] (c) Explain how a thermosyphon system would differ from (b). [8 marks]



(d) Suggest other uses of solar energy for larger hot water applications. [6 marks]
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 DATA SHEET Solar data at nearest location to Ticino River, Italy Step 1 - Solar Radiation on Tilted Surfaces



LOCATION (1-6)



6



MESSINA



TILT (1-5)



2



30 DEGREES



ANNUAL TOTAL SOLAR DECEMBER TOTAL SOLAR



1800 85



kWh/yr kWh/mo



Step 2 - Degree-days and Solar Radiation INTERNAL REF. TEMP



18.3



ANNUAL DEGREE-DAYS



846 11.4 26.4



MIN MONTHLY AV.TEMP MAX MONTHLY AV.TEMP



deg C d-days deg C deg C



Step 3 - Window Energy Balance



1



WINDOW TYPE (1-4) U-VALUE TRANSMISSION



6 0.85



W/m2/oC



1



W/m2/oC



CUSTOM U-VALUE CUSTOM TRANSMISSION



P (kW ) = 10η QH   



P (W  ) =



(



1 2



ρ  Av



SINGLE



0.5



Hydro



3



Wind



)



2



P kWm -1 = 0.49  H s T  za



 



Wave



3



Q: Flow (m  /s) H: Head (m) v: Velocity (m/s) 2



A: Area through which the wind is passing (m ) Hs= wave significant height (m) Tza= average zero up crossing period (s)
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 Air Data Air composition Mole Fraction O2 0.21 N2 0.79



Mass Fraction 0.23 0.77



MWair = 29 (kg/kmol) 3 ρair=1.23 (kg/m ) Heat Transfer .



Q = UA∆T  where for heat transfer across a wall, neglecting radiation



1 U 



=



1



h



+



1



δ  k 



+



1



h



Radiation between two surfaces



     A 1 C   T 1  Q=    100  1  A1   1  − 1  + ε 1  A2  ε 1   .



c



4



 T    −  2   100 



4



   



where Cc=5.67 W/m2K4
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 Question 1



(a) Draw a schematic diagram of a Fuel cell. Explain how electricity is generated. [5 Marks]



(b) Explain how an electric current is generated in a Photovoltaic cell.



[5 Marks]



(c) Discuss advantages and disadvantages of hydroelectricity. Consider both large and small installations. On what parameters does the power output depend? [7 Marks]



(d) Comment on two tidal energy electricity-generation systems.



[3 Marks]



(e) Discuss advantages and disadvantages of alcoholic fermentation. What would the application of the final product be?



[5 Marks]



Question 2



At a site in the Lea Valley a 15 MW wind farm is to be installed. The annual average wind speed is given in Figure 1 below. Figure 2 shows the power curve for the 77m rotor diameter wind turbine selected for the installation.



12



1600



Wind Speed [m/s]



11    ]   s    /   m10    [    d   e   e 9   p    S    d 8   n    i    W 7



1400    W1200    k    t 1000   u   p    t   u 800   o   r 600   e   w   o 400    P



Power kW



200 0



6 0



20



40



60



80



100



Hub Height [m]



FIGURE 1 Annual average wind



0



10



20



30



Wind speed m/s



FIGURE 2 Power curve of the selected HAWT



(a)



Calculate the size if the wind resource at 80 m height (in kW).



[5 Marks]



(b)



Explain the power curve in Figure 2.



[3 Marks]



(c)



Calculate the turbine Power Coefficient at 10m/s wind speed.



[7 Marks]



(d)



Describe ‘Active Pitch’ and ‘Passive Stall’ control mechanisms for power regulation on HAWT. [4 Marks]



(e)



How many turbines will you advise to install and why?
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[6 Marks]



 Question 3



A straw-fired 25MWe power generation plant has been installed in Navarra, Spain. (a)



Draw a flow diagram of the plant. Explain the process in as much detail as possible.



(b)



[5 Marks]



If the average GHV of the baled straw, as received by the power plant, is 16 GJ/tonne, how much fuel is needed to run the plant? Add all necessary well  justified assumptions.



(c)



[10 Marks]



If waste heat were to be used for space heating/cooling, where in the diagram drawn in (a) would the energy be extracted from?



(d)



[5 Marks]



Discuss the advantages and disadvantages of such an installation. [5 Marks]



Question 4



In Tuscany, Italy an old farm-house, a listed stone building, is being refurbished to be used as a holiday home. Planning permission for a swimming pool has been obtained after local building regulations, regarding mostly visual impact, have been abided for. A grant towards the installation of renewable energy devices has also been obtained. Peak insolation by direct sunlight is taken to be 1800 W/m2 at this latitude in Italy. (a) Describe the main characteristics of the type of water heater you would advise to be installed to provide heating for the swimming pool. Give the reasons for your choice.



[3 Marks]



(b) If the budget available allows for a 10m 2 of PV panel to be installed, estimate the peak power output.



[7 Marks]



(c) With the aid of a schematic diagram, identify the components of the system, detail the necessary electric signal conditioning in order to have 230 V, 50HZ power output at the point of appliance.



[10 Marks]



(d) Give advice on materials and options that can be made use of for the building to make the most of passive solar gains.
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[5 Marks]



 Question 5



(a)



Explain GHG effect on global warming.



(b)



The European Union encourages member states to increase their production



[15 Marks]



and use of Renewable Energy. What are the reasons for this policy? [10 Marks]
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 DATA SHEET (1 of 1) Wind P(W ) =



1 2



ρ AU 



3



C P =



P 3 1  ρ  AU  2



3



 AnnualElectricity Pr oduction = KAU m T  [kWh/year]



P: Output Power (W) Cp: Power Coefficient U : Wind speed (m/s) U  m: Annual Mean wind Velocity (m/s)



K:2.5 (Typical Turbine Factor) T: Number of Turbines 2



A: Swept area of turbine (m ) ρair=1.23 (kg/m



3



)
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 Question 1 (Misc ellaneous) (a)



A schematic of Spectral Distribution of Sun and Earth radiation is given below. Explain the Green House Effect on global warming [5 Marks]



Solar distribution Short wave T=5800 K



0



1



2



3



4



UV



Earth’s distribution Long wave T=250 K



5



6



7



8



9



10



11



121.



m



Infrared Visible



(b)



What do you understand by Mechanical and Biological Treatment related to waste management?



(c)



[5 Marks]



Discuss advantages and disadvantages of hydroelectricity. Consider both large and small installations. On what parameters does the power output depend? [6 Marks]



(d)



Explain two tidal energy electricity-generation systems.



(e)



Discuss advantages and disadvantages of alcoholic fermentation. What would the application of the final product be?



[4 Marks]



[5 Marks]



 Question 2 (Wind )  A site in the West Midlands is being developed as a Demonstration Wind Farm.



The



annual average wind speed at 40 m above the ground is 7m/s, whereas the wind speed at 70m height is 9m/s and at 90m height is 12m/s. a) Draw the Power Curve of the chosen turbine specified below (see Tables on next page)



[4 marks] b) Estimate the size of the wind resource at 65 m hub height.



[5 marks] c) For the Turbine chosen and based on its power curve drawn in (a), calculate the Turbine Power Coefficient at 9m/s wind speed. [4 marks] d) What is the most likely material that the blades of the turbine of your choice would be made of? Why? [2 marks] e) Explain the reasons why the blades of a wind turbine are twisted. f)



[3 marks] Comment on the following control mechanisms for power regulation on a HAWT. (i) Active Pitch control (ii) Yaw control [3 marks]



g) If you were to install a wind turbine on your pleasure yacht, (i) What kind (size in kW, type) of turbine would be most suitable? (ii)  Why? (iii) How will you ensure power supply?



[4 marks]



 The following Tables are to be used when attempting Question 2 1.5 MW Wind Tur bine Technical Specifi cation s Operatin g Data



1.5sle Rated capacity



1,500 kW



Cut-in wind speed



3.5 m/s



Cut-out wind speed 600 s average



25 m/s



Cut-out wind speed 30 s average



IEC s: 28 m/s



Cut-out wind speed 3 s average



IEC s: 30 m/s



Rated wind speed



12 m/s



Rotor



1.5sle Number of rotor blades



3



Rotor diameter



77 m



Swept area



4,657 m2



Rotor speed (variable) 10.1 - 20.4 rpm Tower



1.5sle Hub heights (m)



Wind Resource Power Coefficient



P (W )



=



1 2



3



 AU  ρ 



C P



P: Output Power (W) Cp: Power Coefficient U :



Wind speed (m/s) 2



A: Swept area of turbine (m ) ρair =1.23 (kg/m3)



=



P 3 1  AU   ρ  2



61.4+ / 64.7+ / 80+ / 85+



 Question 3 (Biomass)  A straw-fired 25MWe power generation plant has been installed in Navarra, Spain. (a)



Do a flow diagram of the plant. Explain the process in as much detail as possible.



(b)



[7 Marks]



If the average GHV of the baled straw, as received by the power plant, is 14GJ/tonne. How much fuel is needed to run the plant? State any necessary well justified assumptions.



(c)



If waste heat were to be used for space heating/cooling, where from in the diagram drawn in (a) above, would the energy be extracted?



(d)



[8 Marks]



[5 Marks]



Discuss the advantages and disadvantages of such an installation [5 Marks]



 Question 4 (Solar) (a)



Give advice on orientation and construction measures that should be followed to make use of passive solar energy resource in buildings. [10 Marks]



(b)



Making use of a schematic diagram, explain how an electric current is produced in a photovoltaic cell. [5 Marks]



(c)



Complete and label the schematic diagram below for a PV system. Making use of this diagram detail the necessary electric signal conditioning in order to have a 230V, 50Hz power output at the point of appliance use.



PV Panel Low



High



Frequency AC



Frequency AC



[10 Marks]



 Question 5 (Solar w ater and space heatin g) (a)



Making use of a diagram (either block diagram or T-S thermodynamic diagram)explain how a ground source heat pump operates to provide space heating in winter and space cooling in summer. [12 Marks]



(b)



Based on the information given below, calculate the area and estimate the capital cost of evacuated-tube water heater panel needed to supply an average daily hot water demand of 300kWh between the months of May and September. [8 Marks]



(c)



Describe the main characteristics of the type of water heater you would advice to be installed to provide the heat for the swimming pool. Give the reasons for your choice?



[5 Marks]



INPUT AREA Step 1 - Solar Radiation on Tilt ed Surfaces



LOCATION (1-6)



2



VALENTIA



TILT (1-5)



2



30 DEGREES



 ANNUAL TOTAL SOLAR DECEMBER TOTAL SOLAR



1159 26



kWh/yr kWh/mo



Step 2 - Degree-days and Sol ar Radiation INTERNAL REF. TEMP  ANNUAL DEGREE-DAYS MIN MONTHLY AV.TEMP MAX MONTHLY AV.TEMP



18.3



deg C



2728 6.8 15.4



d-days deg C deg C



Step 3 - Window Energy B alance



1



WINDOW TYPE (1-4) U-VALUE TRANSMISSION



SINGLE



6 0.85



W/m2/oC



1



W/m2/oC



CUSTOM U-VALUE CUSTOM TRANSMISSION



0.5



Evacuated Tube Water Heater Panel Conversion efficiency (%) 2



70



Capital Cost (£/m )



380



O&M (£/m2/year)



2.4



Life-time (years)



25



 No:



CITY UNIVERSITY SCHOOL OF ENGINEERING AND MATHEMATICAL SCIENCES



MEng/BEng in Mechanical Engineering BEng Engineering and Energy Management



PART 3 EXAMINATION



[ME3114] RENEWAB LE ENERGY



DATE: NN Xxx 2009



TIME: 3 hr s



 Attemp t QUESTION 1 and THREE out o f qu estio ns 2, 3, 4 and 5.



 Question 1 a)



Miscellaneous



[50 Marks Total]



Making use of the schematic of Spectral Distribution of Sun and Earth radiation given below, explain the Green House effect on global warming [6 Marks]



b)



Solar distribution



Earth’s distribution



Short wave T=5800 K



Long wave T=250 K



Explain the differences between gasification and pyrolysis of solid fuels. [5 Marks]



c)



With the aid of a schematic diagram show how electricity is generated by an Oscillating Water Column (OWC) device.



d)



[5 Marks]



Discuss sustainability of hydro-electricity. Consider both large and small installations. [5 Marks]



e)



Explain how you would generate electricity from a high enthalpy geothermal energy source.



f)



Comment on environmental and economic issues related to the construction and operation of the Severn tidal barrage.



g)



[5 Marks]



[6 Marks]



Discuss advantages and disadvantages of alcoholic fermentation. What would the application of the final product be?



[4 Marks]



 Question 1 continued h)



Making use of a schematic diagram of a photovoltaic cell, explain how an electrical current is generated when the cell is exposed to light.



i)



[8 Marks]



Comment on the main characteristics and possible applications related to the number of blades of horizontal axis wind turbines.



Question 2



Hydro



[6 Marks]



[20 Marks Total]



 A run-off-the-river hydroelectric plant has been granted permission to divert 120 l/s of water. The maximum head available is 3 m. a)



In hydroelectricity generation ‘impulse’ or ‘reaction’ turbines may be employed. Explain what you understand by these types of turbines.



b)



[5 Marks]



Calculate the size of the water resource in kW. (Remember: Power = Energy/time) [5 Marks]



c)



The electrical current generated by the turbine-generator system needs to be ‘conditioned’. Explain the components of the power conditioning system and why it is needed.



[10 Marks]



 Question 3



Biom ass



[20 Marks Total]



 A new hospital is being planned to be built, in a semi-rural area, on the grounds of an existing one, which is to be demolished. In hospitals clinical waste incinerators are a requirement and, in the past, their sole purpose has been to dispose of the waste. The Local Government has required the use of this incinerator heat output either to provide hot water and space heating or for CHP (combined heat and power). The clinical incinerator chosen, sized on the basis of waste available, is an 80 kW nominal heat output. The average hot water demand of the whole hospital is 30m3 per day at 60oC. Data: a)



ρwater = 1000[kg/m3]



Cpwater  = 4.2 [kJ/kg]



Assuming that the incinerator conversion efficiency is of 90%, estimate whether all the hot water required can be supplied making use of the incinerator only.



b)



[7 Marks]



When converting the energy content of a fuel into electricity only, typical conversion efficiencies may vary between 25 to 35%. Making use of a schematic diagram, explain where the losses are.



c)



[5 Marks]



Draw a flow diagram of a CHP system. If the CHP option were chosen, would the system be able to satisfy all the hot water demand?



[8 Marks]



 Question 4



Wind



[20 Marks Total]



 A site in the Thames Valley is being chosen for the installation of a 1 GW Wind Farm. 1.5 MW rated capacity, 77m diameter Vestas turbines have been chosen. The annual average wind speed at 35m above the ground is 6.8 m/s, at 70m is 8.5 m/s and at 100m is 13 m/s. a)



Estimate the size of the wind resource, in (W or kW) at 90m hub height. [5 marks]



b)



Explain the reasons behind the fact that the blades of wind turbines are twisted. [5 marks]



c)



Describe two control mechanisms used in HAWT.



d)



Comment on advantages and disadvantages of both, HAWT and VAWT.



[5 marks]



[5 marks] Wind Resource and Power Coefficient P (W  )



=



1 2



ρ AU 



3



C P



P: Output Power (W) Cp: Power Coefficient U:



Wind speed (m/s)



 A: Swept area of turbine (m2) ρair =1.23 (kg/m3)



=



P 3 1  ρ  AU  2



 Question 5 a)



Space and Water Heating



Give advice on orientation and construction measures that should be followed to make best use of solar energy in buildings.



b)



[6 Marks]



Making use of a diagram explain how a ground source heat pump operates to provide space heating in winter and space cooling in summer.



c)



[20 Total Marks]



[7 Marks]



Based on the information given below, calculate the area and estimate the cost over the lifetime of an evacuated-tube water heater panel needed to supply an average daily hot water demand of 360kWh between the months of April and September. [7 Marks] INPUT AREA Step 1 - Solar Radiation on Tilt ed Surfaces



LOCATION (1-6)



2



VALENTIA



TILT (1-5)



2



30 DEGREES



 ANNUAL TOTAL SOLAR



1159 26



DECEMBER TOTAL SOLAR



kWh/yr kWh/mo



Step 2 - Degree-days and Sol ar Radiation



18.3



deg C



 ANNUAL DEGREE-DAYS



2728



d-days



MIN MONTHLY AV.TEMP



6.8



deg C



15.4



deg C



INTERNAL REF. TEMP



MAX MONTHLY AV.TEMP



Step 3 - Window Energy B alance



WINDOW TYPE (1-4)



1



SINGLE



U-VALUE



6



W/m2/oC



TRANSMISSION CUSTOM U-VALUE CUSTOM TRANSMISSION



0.85 1



W/m2/oC



0.5



Evacuated Tube Water Heater Panel Conversion efficiency  (%)



70



Capital Cost (£/m2)



290



O&M (£/m2/year)



2.4



Life-time (years)



25
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 Question 1



A new large family house is being planned in the South East of England. The household hot o water requirement is of 120 litres of water at 60 C per day. In the summer, in the UK, most households do not use their gas boilers to produce hot water but switch on the electric immersion heaters instead. The house owner is thinking of providing at least 80% of hot water required in the ‘summer’ months, from beginning of April to end of September, by installing evacuated tube solar panels. Making use of the tabulated data for a flat plate given at the end of the paper, and graphical data for Kew provided in Figure Q1 below: (a).



Estimate the area of a solar collector that will need to be installed [10 marks]



(b).



Estimate the system cost in p/kWh and the annual return in £/year if the cost of electricity from the grid is 12p/kWh and heating water with electricity is 90% efficient. [15 marks]



Step 1 - Solar Radiation on Tilted Sur faces



LOCATION (1-6)



3



KEW



TILT (1-5)



2



30 DEGREES



 ANNUAL TOTAL SOLAR DECEMBER TOTAL SOLAR



1065



kWh/yr



25



kWh/mo



Step 2 - Degree-days and Solar Radiation INTERNAL REF. TEMP



18.3



deg C



 ANNUAL DEGREE-DAYS



2801



d-days



MIN MONTHLY AV.TEMP



4.2



deg C



MAX MONTHLY AV.TEMP



17.5



deg C



Step 3 - Windo w Energy Balanc e



WINDOW TYPE (1-4)



1



SINGLE



U-VALUE



6



W/m2/oC



TRANSMISSION CUSTOM U-VALUE CUSTOM TRANSMISSION



0.85 1



Figure Q1b W/m2/oC



Monthly solar balance



0.5



Figure Q1a Annual average solar radiation, Kew.
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radiation and window energy



 Question 2



The same house of Question 1 requires 3.5 kW for its electrical demand. The site, located  beside the River Medway, slopes from North to South, with the North boundary being 6m above the South. The owner, being an environmentally-conscious millionaire, is thinking of covering all electrical power needs making use of a water turbine. Planning permission to divert up to a maximum of 100 lt/s from the Medway River has already been granted by the local Council. Because the flow rates vary through the year, a small reservoir, 10m 8m2m depth is being  built at the highest level of the site. The water will then be piped from the bottom of the reservoir towards the water turbine. (a).



Estimate the size of the water resource in kW. Give an indication as to what level (in m) from the top of the site, the turbine should be installed. Make comments on the economic and technical factors affecting the installation. [9 marks]



(b).



Describe the two types of turbines used in hydropower. recommend for this specific application and why?



Which type would you [8 marks]



(c).



Give advice on how the house should be built to take maximum advantage of the topography and geography of the site, so that maximum gains and minimum losses in space heating and lighting would be achieved. [8 marks]
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 Question 3



If a hybrid power generation system based on photovoltaic and fuel-cell technologies were to  be installed in order to produce 100% renewable energy, explain the following issues: (a).



What would be the ‘raw materials’ [3 marks]



(b).



How does a fuel-cell work? [7 marks]



(c).



Advantages and disadvantages of amorphous PV cells with respect to cr ystalline cells. [3 marks]



(d).



With the help of a schematic diagram, explain the necessary components of the system. [8 marks]



(e).



Explain what would be the purpose or/and application of such a system. [4 marks]



Question 4



Wood chips are to be gasified in a fixed-bed air blown gasifier. (a)



(b) (c) (d)



Do a schematic diagram of the reactor identifying the different reaction zones. Explain what processes occur at each stage. [10 marks] Give an estimate of the composition of the product gas [3 marks] What would be the most likely applications for the product gas? Why? [4 marks] If the product gas were to be used to produce electricity, what advice would you give to the user? [8 marks]
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 Question 5



The nominal performance characteristics of a VESTAS V39 wind turbine are:  –  rated power = 500 kW  –   power control = pitch  –  rotor diameter = 39 m 2



 –   power per m  = 0.419 kW/m



2



 –  RPM at rated power = 30  –  hub height = 40.5 m



Figure Q5a: Power Curve



Figure Q5b: Wind Speed vs Height



(a)



Explain the Wind speed-Power Curve in Figure Q5a above including any of the mechanisms needed by the Vestas V39 turbine to follow such curve. (for example: how  power remains constant at increasing wind speed and what mechanisms can it be using -1 at 25 ms ) [10 marks]



(b)



Comment on the differences in performance of drag- and lift-force driven wind devices, and on their possible applications [5 marks]



(c)



With the help of Figure Q5b comment on factors affecting local wind speed when considering a site for a wind power installation [5 marks]



(d)



Comment on advantages and disadvantages of off-shore wind-farm installations [5 marks]
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 DATA Water Heater (flat plate, glass covered panel)



62



Conversion efficiency (%) 2



Capital Cost (£/m )



350



2



O&M (£/m /year)



10



Life-time (years)



25



Water Turbine



Efficiency (%)



85



annual cos t (£ /  year ) =



Capital cos t 



PaybackPer iod ( years) =



P (kW ) = 10η QH  P (W ) =



1 2



 ρ  Av



lifetime



+ O & M 



Capital cos t   Annual Re turn



Hydro



3



Wind



Q: Flow (m3/s) H: Head (m) v: Velocity (m/s) 2



A: Area through which the wind is passing (m )



 ρ air =1.23



(kg/m3)



C p water =4.2 kJ/kgK



Page 5 of 5



 Note:



1 kWh=3.6 MJ



 Question 3



Photovoltaic



[25 Marks]



o



Figure Q3-1 Solar Insolation at 35  N Latitude



3(a)



3(b)



Based on Figure Q3-1 above calculate the area needed for a PV  polycrystalline installation that should supply 2.1 kWp of electricity. [7 Marks] Explain how an electric current is generated in a PV cell [5 Marks]



3(c)



With the help of a schematic diagram explain the elements needed to obtain an electric output that can be fed into the existing grid from a PV system. [7 Marks]



3(d)



Comment on the different types of Photovoltaic collectors (and cells) available, highlighting their advantages and disadvantages with respect to each other [3 Marks]



3(e)



Comment on the environmental and economic aspects of the expansion of this technology [3 Marks]
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