Team Solar

Energy Requirements

Each residential customer currently uses 2000 KWH per month. Assuming there are about 720 hours in a month, each customer needs an average of 2.78 KW power. If there are 50,000 residential customers, residential customers use about 140 MW of power on average. That means businesses currently use 160 MW power on average for a total of 300 MW power on average for the city. That means each of the 25,000 commercial customers use an average of 6.4 KW power. That is 2.3 times more power than residential customers use. Therefore commercial customers use on average 4,600 KWH per month.   

Lets assume that both the number of residential customers and commercial customers double over the next 50 years. This increase, although perhaps somewhat exponential in nature, we will assume to be linear to make things less complicated. Using this estimation shouldn’t throw our numbers too much further off from the truth because there will be a lot of uncertain fluctuation in growth over the next 50 years. 

After 25 years, there will be an average of 75,000 paying residential customers, and 37,500 commercial customers. We are predicting that residential customers will become twice as efficient over the next 25 years. Once we reach this level of efficiency, we predict it will remain constant for the next 25 years after that because we believe that houses and appliances at that point will meet energy conservation designs and measures that we propose to be implemented over this time frame. Additional conservation over the second 25 year segment will be offset by more technological gadgets in the house that consume more power (based our predictions). 

Therefore, in 25 years, 75,000 residential customers will each use an average of 1,000 KWH per month or about 1.4 KW of power. That is an average of 105 MW of power for the city of Eugene in 2029. 

In 2054 there will be 100,000 residential customers using 1.4 KW of power. That is an average of 140 MW power for the city of Eugene. 

Commercial customers will also be using energy conservation in 25 years so we predict their output to be 3,450 KWH per month which is 25% greater efficiency than now. Once we reach this level of efficiency, we predict it will remain constant for the next 25 years after that because we believe that buildings, appliances and machinery at that point will meet energy conservation designs and measures that we propose to be implemented over this time frame. Additional conservation over the second 25 year segment, we believe will be offset by more technological gadgets used for commercial use that consume more power (based on our predictions). 

Therefore, in 25 years, we predict 37,500 commercial customers will consume an average of 4.8 KW of power. That is an average of 180 MW of power for the city of Eugene in 2029. 

In 2054, there will be 50,000 commercial customers each using 4.8KW of power. That is an average of 240 MW of power. 

In conclusion, in 2029, Eugene will use an average load of 285 MW with a peak power requirement of 475 MW. While in 2054, Eugene will use an average load of 380 MW power and a peak load of 635MW of power.    

Solar Shingles

By the end of 2004 we predict that 10% of Eugene’s electricity will be produced by the consumer through the use of solar shingles. There will be tax incentives to promote this. We predict that solar shingles will occupy an average of 25 m2 per consumer, generating 12.3 kWh per day per consumer. By 2029, consumer production will increase to 15% because energy conservation will increase the percent of total energy that is produced by each consumer who has solar shingles. By 2054, there will be 20% consumer production because virtually every consumer will own solar shingles. In conclusion, by the end of 2004, Eugene will generate 30 MW from solar shingles and require an additional average load of 270 MW with a peak power requirement of 450 MW. In 2029, Eugene will generate 43 MW from solar shingles and require an additional average load of 242 MW with a peak power requirement of 403 MW. By 2054, Eugene will generate 76 MW from solar shingles and require an additional average load of 304 MW with a peak power requirement of 506 MW.

Energy Collection

The cost of PV panels is approximately $7,500 per kW capacity installed. With regard to economies of scale, we assume n = ¾. The estimated peak power need for Eugene in 2004 is 450 MW. The cost to supply this amount of power, including economies of scale, is $2.9 billion. An additional $3.625 billion is required over the next 25 years to replace our panels at an average rate of approximately 5% per year. In 2029, our facility will increase its capacity to meet the peak demand in 2054, installing an additional 56 MW of power at a cost of $0.343 billion. Because of the added number of PV panels, an additional $4.05 billion is required over the next 25 years to replace them at an average rate of approximately 5% per year.     

The daily irradiance for Burns, Oregon, averaged over the year, is 4.1 kWh/m2. Our panels will be fixed at 40 degrees latitude, and we are assuming a 12% efficiency.  With a peak power requirement of 450 MW in 2004, our facility will need to encompass 23 km2. In 2029, when we increase our capacity by 56 MW to meet the peak demand in 2054, our facility will expand an additional 3 km2 to encompass a total of 25 km2. At an estimated cost of $19,760 per km2, the 25 km2 of land in Burns, Oregon will cost our facility a total of $494,000.  
We will need one transmission line, 256 miles long, to connect our facility (in Burns) to Eugene. We estimate the cost of transmission lines to be $300,000 per mile, therefore to connect our facility to Eugene will cost $76.8 million.
Energy Storage
We must provide Eugene with power twenty-four hours a day.  Because the sun only shines an average of eight hours a day in Burns, we must produce and store enough excess energy during this time to power Eugene for the remaining sixteen hours of the day. Our facility will store this excess energy in the form of hydrogen generated from the electrolysis of water. The hydrogen will be compressed and stored in composite high-pressure storage tanks.  Then, during the sixteen hours that the PV array is offline, an on-site hydrogen fuel cell facility will produce Eugene’s electricity from the stored hydrogen. 
The cost of fuel cells was estimated at $7,000 per kW capacity.  With regard to economies of scale, we assume n = ½. In 2004, we estimated that, at peak consumption, Eugene consumes 450 MW of power. Our storage facility must provide 450 MW of power for 16 hours every day, or 7200 MWh per day. The cost to supply this amount of power, including economies of scale, is $2.345 billion. An additional $2.93 billion is required over the next 25 years to replace the fuel cells at an average rate of approximately 5% per year. In 2029, our facility will increase its capacity to meet the peak demand in 2054, storing an additional 896 MWh per day at an additional cost of $0.262 billion. Because of the added number of fuel cells, an additional $3.26 billion is required over the next 25 years to replace them at an average rate of approximately 5% per year.     
We will compress the hydrogen produced by electrolysis into composite high-pressure storage tanks.  We will assume that the storage tank system will cost $10 per kWh of capacity.  This dollar amount is higher than the predicted US DOE cost in order to account for the price of the water electrolysis system connected to the tanks. We will also assume that the hydrogen which is at an initial density of 0.0899 grams per liter will be compressed to about the same density as liquid H2 (~70-75 grams per liter) and that the energy density of this compressed hydrogen is 2.0 kWh per liter of hydrogen. The cost to supply 7200 MWh per day is $72 million, with the tanks occupying a volume of about 3.6 million liters. The cost to supply an additional 896 MWh per day will cost $8.96 million, with the tanks occupying an additional volume of about 448,000 liters.    
We ignore any costs associated with the purchase of more land to house this facility because we can position PV panels on the roofs of the fuel cell and storage facilities, eliminating the need for more land.  
Energy Spot Market

Before calculating the capital cost of our facility, we must take into account energy sold on the spot market. Our facility supplies for peak demand, which occurs only during particularly hot and cold months. For about 6 months out of every year, demand is going to be significantly lower. For example, in 2004, the average demand is 270 MW with a peak demand of 450 MW. In 2054, the average demand is 304 MW with a peak demand of 506 MW. Also, in 2029, our facility increases its capacity that meet the peak demand in 2054. This translates into excess energy which can be sold on the energy spot market at $0.14/kWh for a cost recovery of $6.99 billion over 50 years. 
Levelized Cost
Taking into account revenue generated from energy sales, we can calculate the levelized cost of our facility at different interest rates. At an 8% interest rate, the levelized cost of our facility is $0.27/kWh. At a 4% interest rate, the levelized cost of our facility is considerably lower at $0.16/kWh. At a 2% interest with a levelized cost of $0.11/kWh, we begin to approach market values. Our facility begins to become competitive at a 0% interest rate with a levelized cost of $0.07/kWh. 
Despite high initial costs, solar facilities have low operating costs and PV technology offers improved efficiency and lower manufacturing costs over time as manufacturing output increases. Perhaps even more importantly, solar power encourages centralized and decentralized power generation: consumers can meet a fraction of their own energy needs.  
Appendix

	
	Energy consumption (MW)
	Consumer energy generation (MW) *
	Energy demand average/peak (MW)

	2004
	resident
	140
	14
	

	
	business
	160
	16
	

	
	Total
	300
	30
	270/450

	2029
	resident
	105
	16
	

	
	business
	180
	27
	

	
	Total
	285
	43
	242/403

	2054
	resident
	140
	28
	

	
	business
	240
	48
	

	
	Total
	380
	76
	304/506


* Consumer energy generation (based on 8 hours of sunshine per day): 

(4.1 kWh/m2 per day) * (12%) * (25 m2 per consumer) = 12.3 kWh per day per consumer
2004: (75%) * (75,000 consumers) * (12.3 kWh per day per consumer)/(24 h/d) = 30 MW (10% of total energy consumption)

2029: (75%) * (112,500 consumers) * (12.3 kWh per day per consumer)/(24 h/d) = 43 MW (15% of total energy consumption) 

2054: (100%) * (150,000 consumers) * (12.3 kWh per day per consumer)/(24 h/d) = 76 MW (20% of total energy consumption) 

Cost of energy collection: $11 billion

1. cost of solar cells: $7,500/KW

(X/S)n; n = 3/4, S = 250 MW

2004: 450 MW

(450 MW/250 MW)3/4 = 1.55

(1.55) * (250 MW) * ($7,500/KW) = $2.9 billion

2029: 56 MW more

(X/S)n; n = 3/4, S = 25 MW 

(56 MW/25 MW)3/4 = 1.83

(1.83) * (25 MW) * ($7,500/KW) = $0.343 billion

2. cost of solar cell maintenance: 5% per year

2004-2029: ($2.9 billion) * (0.05) * (25 y) = $3.625 billion
2029-2054: ($3.243 billion) * (0.05) * (25 y) = $4.05 billion
3. cost of land in Burns, OR: $19,760/km2
2004: 450 MW

        10,800 MWh per day        d= 22 km2 

(4.1 kWh/m2 per day) * (12%)

(22 km2) * ($19,760/km2) = $434,720
2029: 56 MW more

         1,344 MWh per day         d= 3 km2 

(4.1 kWh/m2 per day) * (12%)

(3 km2) * ($19,760/km2) = $59,280 
4. cost of transmission lines: $300,000/mi

(256 mi) * ($300,000/mi) = $0.0768 billion
Cost of energy storage: $8.8767 billion
1. cost of fuel cells: $7,000/KW

(X/S)n; n = 1/2, S = 250 MW

2004: 450 MW

(450 MW/250 MW)1/2 = 1.34

(1.34) * (250 MW) * ($7,000/KW) = $2.345 billion

2029: 56 MW more

(X/S)n; n = 3/4, S = 25 MW 

(56 MW/25 MW)1/2 = 1.5

(1.5) * (25 MW) * ($7,000/KW) = $0.262 billion

2. cost of fuel cell maintenance: 5% per year

2004-2029: ($2.345 billion) * (0.05) * (25 y) = $2.93 billion
2029-2054: ($2.607 billion) * (0.05) * (25 y) = $3.25875 billion
3. cost of compression tanks: $10/kWh
2004: (7,200 MWh per day) * ($10/kWh) = $0.072 billion
2029: (896 MWh per day more) * ($10/kWh) = $0.00896 billion
Energy spot market: $6.99 billion 
$0.14/kWh

2004-2029: excess E = 450 MW – 270 MW = 180 MW 

(180 MW) *  (4320 h/6 months per year) * (25 y) * ($0.14/kWh) = $2.7 billion
2029-2054: a. excess E = 506 MW – [(2.5 MW/y * x) + 242 MW] = 506 MW – (242 + 304)/2 = 233 MW

         (233 MW) * (4320 h/6 months per year) * (25 y) * ($0.14/kWh) = $3.5 billion

                    b. excess E = 506 MW – [(4 MW/y * x) + 403 MW] = 506 MW – (403 + 506)/2 = 52 MW

         (52 MW) * (4320 h/6 months per year) * (25 y) * ($0.14/kWh) = $0.79 billion

Levelized cost:

Interest rate of 8%:  

                                                              $46.1 billion



              = $0.27/kWh 

[(360 MW) * (365 d/y) * (24 h/d) * (25 y)] + [(450 MW) * (365 d/y) * (24 h/d) * (25 y)] 


Interest rate of 4%: 
                                                             $27.15 billion



              = $0.16/kWh 

[(360 MW) * (365 d/y) * (24 h/d) * (25 y)] + [(450 MW) * (365 d/y) * (24 h/d) * (25 y)] 


Interest rate of 2%: 
                                                              $19.25 billion



              = $0.11/kWh
[(360 MW) * (365 d/y) * (24 h/d) * (25 y)] + [(450 MW) * (365 d/y) * (24 h/d) * (25 y)] 


Interest rate of 0%: 
                                                             $12.88 billion



              = $0.07/kWh
[(360 MW) * (365 d/y) * (24 h/d) * (25 y)] + [(450 MW) * (365 d/y) * (24 h/d) * (25 y)] 


