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	1.  Wave Energy

	More than 100 different technologies for translating the energy of ocean waves into electricity are currently being researched.  PowerBuoy, patented and manufactured by Ocean Power Technologies (OPT) is one of the more advanced efforts.

	US Defense contractor Lockheed Martin is constructing a 62.5-megawatt peak 	power wave energy generation project off the coast of Victoria, Australia, using 	the PowerBuoy® wave energy converter technology of Ocean Power 	Technologies (OPT).  The project is expected to produce enough energy to meet 	the needs of 10,000 homes. As this project also contributes to Australia’s goal of 	20 percent renewable electricity by 2020, it has received significant grant support 	from ARENA (Australian Renewable Energy Agency).
	http://www.lockheedmartin.com/us/news/press-releases/2014/february/140211-mst-worlds-  		largest-wave-energy-project.html
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	According to OPT, the capacity factor for PowerBuoy is between 30% and 50%.

	1.  	(a)  This 62.5 MW peak power wave farm will actually produce an 				average flow of how many MW?  Use the average of the given capacity 			factors.
		(b) Assuming that Australian homes use about 1 kW all the time, similar 			to US homes, estimate the number of homes whose electricity could be 			provided by this 62.5 MW peak power wave farm.		
		(c)  Reflect.  Compare your finding to the number of households given in 			the article.  If the article estimate of households differs greatly from your 			finding, why might that be?

	2.  	According to the CIA World Factbook, Australia uses about 
		215 billion kWh of electricity per year. 
		(a)  A flow of how many kW would be required to produce 215 billion 			kWh/year?
		(b)  A flow of how many MW would produce 215 billion kWh/year?
		(c)  Australia expects to have a flow of how many renewable MW by 			2020?
		(d)  How many 62.5 MW wave farms would it take to produce Australia’s			2020 renewable flow goal by wave farms alone?

Carnegie, an Australian wave energy corporation, is working on a radically different kind of wave energy for Australia, called CETO, which is not an acronym but the name of a Greek sea goddess.  Videos about CETO can be viewed at http://www.carnegiewave.com/index.php?url=/media/videolibrary-4

According to Carnegie,

	Australia has a significant wave energy resource that has been confirmed by both 	internal Carnegie studies as well as national studies by the CSIRO. In 2012, the 	CSIRO (Commonwealth Scientific and Industrial Research Organisation), 	released a report on Ocean Renewable Energy that concluded that the near shore 	wave energy between 	Geraldton and Tasmania was some 1300Twh/year or about 	five times Australia's total electricity demand.
	http://www.carnegiewave.com/index.php?url=/ceto/australian-sites


	3.  Reflect.  The near shore wave energy for a stretch of coast is about
		1300 TWh/year or about 5 times Australia’s total electricity demand!
		Is 1300 TWh/year about 5 times Australia’s total electricity demand?
		Show why or why not.  	1000 GWh  = 1 TWh (terawatt-hour)
						1000 MWh = 1 GWh (gigawatt-hour)
						1000 kWh = 1 MWh (megawatt-hours)
						



	2.  Solar Power
	Hours Peak Sun/day
Australia

	Month
	Melbourne
	Canberra
	Perth
	Darwin
	Brisbane
	Adelaide
	Hobart

	January
	6.9
	8.2
	5.4
	6.5
	7.8
	6.3

	February
	6.4
	7.2
	5.2
	6.2
	7.3
	5.6

	March
	5.2
	6.0
	5.6
	5.7
	6.3
	4.1

	April
	3.8
	4.3
	5.9
	4.8
	5.0
	2.8

	May
	2.8
	3.1
	5.6
	4.2
	3.8
	1.8

	June
	2.4
	2.5
	5.3
	4.1
	3.5
	1.4

	July
	2.7
	2.7
	5.5
	4.2
	3.4
	1.7

	August
	3.3
	3.5
	6.0
	5.2
	4.4
	2.4

	September
	4.3
	4.7
	6.3
	6.0
	5.3
	3.5

	October
	5.3
	6.1
	6.5
	5.9
	6.5
	4.8

	November
	6.1
	7.2
	6.4
	6.0
	7.0
	5.7

	December
	6.6
	8.1
	5.9
	6.3
	7.5
	6.2

	Average
	4.6
	5.3
	5.8
	5.4
	5.6
	3.9

	Total annual hours peak sun*
	1679
	1935
	2117
	1971
	2060
	1424



	4.  Australia has 3.2 GW of installed solar PV.  
		(a)  Which are the sunniest three months in Australia?
		(b)  Which is the sunniest of these five Australian cities?
		(c)  Reflect.  Estimate the average hours of peak sun per day for Australia.
		(d)  Estimate the kWh/year of solar electricity in Australia.
		(e)  What percent of Australia’s electricity is solar?

	3.  Wind Power

	5.  Oddly enough, Australia also has 3.2 GW of installed wind power.  
		(a)  Use a 25% capacity factor to estimate the kWh/year of wind power in 			Australia.
		(b)  What percent of Australia’s electricity is wind energy?

	4.  Hydropower

	6.  Australia has 7.8 GW of  hydropower dams.
		(a)  Use the world average dam capacity factor of 42% to estimate the
		kWh/year of hydropower electricity in Australia.
		(b)  What percent of Australia’s electricity is hydropower?
		(c)  What percent of Australia’s electricity are solar, wind, and 				hydropower combined?

	5.  Geothermal Energy

Yesterday Google announced that it was getting into the geothermal power game, investing over $10 million into researching Enhanced Geothermal Systems. It is estimated that using this technology, just 2% of the heat below North America would easily supply all of the United States’ current energy needs.
Now, a new report shows similarly large geothermal potential in Australia: An Australian government scientist told Reuters that 1% of the nation’s untapped geothermal potential could create enough energy for 26,000 years. 
2200 MW of Geothermal Power by 2020   The AGEA report says that under current government policy up to 2200 megawatts of geothermal power could be developed by 2020, adding that this would represent 40% of the government’s current renewable energy target of 45,000 GWh (20% of total electric demand). It would take A$ 12-billion (US$ 10.45 billion) to develop this amount of installed capacity.
http://www.treehugger.com/renewable-energy/1-of-australiaatms-geothermal-power-potential-26000-years-of-energy.html

	7.  Bloomberg Finance gives a capacity factor for Geothermal of 73%.
		(a)  If 2200 MW geothermal have a capacity factor of 73%, how many
		MW would they produce on average?
		(b)  Calculate the construction cost of the geothermal in US dollars 			per MW produced.  
		(c)  A 1000 MW nuclear reactor costs about 10 billion US$ to construct 			and has a capacity factor of about 90%.  Calculate the construction cost of 			the reactor in US dollars per MW produced.
		(d)  The construction costs of a nuclear reactor per MW produced are what 		percent more than the construction costs per MW produced for the 				geothermal in Australia?

	8.  Reflect.  Is 45,000 GWh/year actually about 20% of total Australian 				electricity?  Show why or why not.

	9.  	(a)  How many kWh/year would 2200 MW geothermal supply?  Use 73% 			capacity factor.
		(b)  2200 MW geothermal will supply what percent of the 45,000 GWh 			goal?

	10.  Which renewable could provide all renewable electricity for Australia?  Find 			a fact supporting your answer in this unit. 
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