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Density( kg/m^3)

1.2

Wind speed (km/h)

50

13.89 m/s

Blade radius (m)

50

Available Power (kW)

12667.43

Â½*rho*v^3*r^2*pi

Theoretical maximum power (kW)

7506.63

Overall efficiency

0.42

Practical maximum power (kW)

5320.32

Capacity Factor

0.4

Energy generated (kWh/year)

18642403.53

CO2 emission rate (g/kWh)

989

SO2 emission rate (g/kWh)

6.38

NOx emission rate (g/kWh)

3.69

PM emission rate (g/kWh)

0.35

CO2 avoided (metric tons)

18437.34

SO2 avoided (metric tons)

118.94

NOx avoided (metric tons)

68.79

PM avoided (metric tons)

6.52

Community size (population)

30000

Energy consumption (kWh/year per capita)

6000

Community energy demand (kWh/year)

180000000

Number of turbines needed 

9.66

Diameter Increase factor

1.5

Per turbine power increase

2.25

Number of turbines needed with 75m blades

4.29

Problem 2

Coal Generation 2004 (MWh)

1916000000

Capacity Factor

0.4

Equivalent Wind (MW)

546803.65

Safety Margin

0.15

Total Replacement Wind Capacity (MW)

628824.2

Land Intensity (hectares/MW)

30

Total Land Requirement (acres)

46614738.01

Total US Soybean planting area (acres)

72142000

(Source: USDA NASS)

Fraction of planted soybean field area

0.6462

Land Area of Chicago (acres)

137955.93

(Source: Adapted from Wikipedia)

Multiple of the land area of Chicago

338

Problem 3

Power rating of hydro plant (MW)

150

Capacity Factor

0.9

Annual Electricity production (MWh)

1182600

Flow rate (m^3/s)

500

Operating time over 6 months (s)

14230080

(includes capacity factor)

Total volume for 6 months (m^3)

7115040000

Depth (m)

35

Total Land Area (acres)

50233.28

Total US Soybean planting area (acres)

72142000

(Source: USDA NASS)

Fraction of planted soybean field area

0.0006963

Land Area of Chicago (acres)

137955.93

(Source: Adapted from Wikipedia)

Fraction of the land area of Chicago

0.3641


Problem 4

The Sun is the ultimate source of all energy used by humanity.  Biological energy derived from photosynthesis formed fossil fuels and powers biomass.  Solar heating effects drive wind power.  Sun induced evaporation drives hydroelectric power (not to mention keeping the water liquid enough to flow).  Photovoltaics offer the possibility of directly converting solar radiance into electrical energy.  

The main limit to photovoltaic electricity lies in the difficulty in producing high quality photovoltaic cells.  The entire United States annual electrical demand of approximately 4 million Gigawatt hours (approximate US Demand) could be produced from 10% efficient photovoltaics covering an area of 20,000 square km, based on an average incident radiant energy of 5.7 kWh per square meter per day.  That is to say, based on less than one tenth of Arizona's area, at the average incident solar energy measured at Phoenix, using much less efficient solar cells than today's top of the line models.  Assuming that this corresponds to a peak power capacity of 1.5 terraWatts, and based on an NREL figure of $2.40 per peak Watt, this would involve an investment of 3.6 trillion dollars to produce the panels, discounting transportation, installation, and infrastructure expenses.  Additionally, at the current rate of production, it would take 7,500 years to make the necessary photovoltaic panels.

Producing high quality photovoltaic cells requires expensive equipment, a great deal of time, and rare ingredients.  in 1997 manufacturing practices for top of the line photovoltaics involved temperatures of 550 degrees Celsius and a vacuum environment.  Under these circumstances, the transistor film was deposited at a rate of .05 micrometers a minute, while the desired thickness ranged up to 2 micrometers.  On top of this, these production processes involve expensive, toxic chemicals.  It is likely possible to improve the process efficiency, as the focus has historically been on the panel's efficiency at absorbing sunlight, rather than on increasing production efficiency.  However, cheaper panels are unlikely to perform at the level of current conventional photovoltaics.

I. Progress in the industry

1. efficiencies have increased

2. costs have come down

3. but generally not together.

4. Many cheaper, but less effective technologies (amorphous silicon, polycrystalline Si)

5. More effective, and more expensive technologies as well (e.g. Cu-In-Se2)

6. market still dominated by single crystal Si.

II. Environmental impacts

1. local area toxics around manufacturing

2. reduction of all energy consumption nasties (CO2, etc)

3. land use for PV cells and for transmission lines.

III. References

1. Photovoltaic Materials, Past Present and Future.  Adolf Goetzberger, and Christopher Hebling.  Solar Energy Materials & Solar Cells 62 (2000) p 1-15

2. EIA data on electrical consumption

3. Polycrystalline Thinfilm Solar Cells:Present Status and Future Potential Robert W. Birkmire and Erten Eser, Annual Review of Materials ScienceVol. 27: 625-653 (Volume publication date August 1997) 

4. http://www.nrel.gov/ncpv/pv_manufacturing/cost_capacity.html
Problem 5

I. Carbon limits

1. Considering two systems

1. An absolute cap on carbon emissions combined with a credit trading system 

1. depending on limit set

1. may be too strict: not politically enforceable

2. may be too loose: providing no advantage

2. start loose and increase in strictness

2. A tax on carbon emissions

1. levied at the easiest to reach point

1. probably as mined or imported

2. Goals

1. Reduce carbon

2. Likely reduce other sources of pollution

3. To the extent that it discourages fossil fuel use, may also encourage

1. efficiency

2. renewable energy fuel displacement

4. reduce dependence on non-local resources 

3. Advantages 

1. of cap

1. To the extent the goal is enforced, you are certain of meeting reduction goals

2. Effectively addresses laggers and those unwilling to change

3. allows direct direct picking of desired emissions level

2. of tax

1. Gives the economy flexibility in responding to the goal, without providing hard limits.

2. Raises revenue for the state

1. Can use to fund research into lower carbon systems

3. both

1. doesn't pick winners

2. prepares state for future carbon limits.

3. Help develop marketable technology

4. improve relations with other countries

4. Disadvantages

1. of cap

1. Denies the economy some flexibility in adapting to change

2. need to pick the right cap level.

2. of tax

1. challenge of picking the right tax level

1. too much stifles economy

2. too little produces no change

3. of both

1. Economic advantages of carbon dioxide caps depend on existing market inefficiencies

2. Politically intrusive, likely to produce resistance 

5. Stakeholders

1. Current Carbon intensive industries

1. innovate or lose money

2. potential loss of money

2. Residents and workers in affected areas

1. improved air quality, and consequent health benefits

2. potential lost jobs / changing job requirements

3. reduced consumption

3. Government agencies

1. New responsibilities for managing

2. potential new revenue stream
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