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Abstract

   The Sustainability in Civil Engineering (CE G9800) / Sustainable Infrastructure (SUS 7800B) course we had with Professor N.Krakauer is extremely useful and necessary for going forward in our studying as future engineers. 
The main idea of the project is to see if the use of wind power for electricity production can help to reduce the city dependence on power plants that run on fossil fuels? How much GHG emissions would be avoided due to reduce of fossil fuel usage in electricity production.
We can split the question into objectives:

1) Explore the wind power share in electricity production in U.S. and in NYC particularly;

2) Identify advantages and challenges of wind energy;
3) Find the cost and efficiency of small urban wind turbines on the roofs of tallest buildings in NYC ((type TALON5 Grid-Tied Wind Turbine - 5kW);  

4) Find the cost and efficiency of tall wind turbines on the side of the Hudson river that can provide the energy for the sewage plants (type Siemens – 3.6 MW); 
5) Calculate the amount of CO2 [kg], NOx [g], SO2 [g]  and Particulate Matter [g] which can be reduced by using Wind Power Energy instead of Fossil Fuel Energy.

6) Compare the amount of wind energy GHG emissions with amount of other renewable sources of energy GHG emissions.

7) Compare the GHG emission produced due to small roof turbines and due to offshore tall turbines and find out which of these two types produce more;
8) Found out if any wind power successful projects have been already completed near NYC.
Please note that to improve the reading of this report all the keywords are bold.
I. Introduction

I-1. Wind Power in USA (overview)
   Wind Power Additions Hit a New Record in 2012, with 13.1 GW of New Capacity 

Added in the United States and $25 Billion Invested. Wind power installations in 2012 were more than 90% higher than in 2011 and 30% greater than the previous record in 2009.

  Wind Power Represented the Largest Source of U.S. Electric-Generating Capacity Additions in 2012. Wind power constituted 43% of all nameplate capacity additions in 2012 [1], overtaking natural gas- fired generation as the leading source of new capacity. This follows the 5 previous years in which wind power represented between 25% and 43% of new U.S electric generation capacity in each year. 

  The United States Narrowly Regained the Lead in Annual Wind Power Capacity Additions in 2012 but Was Well Behind the Market Leaders in Wind Energy Penetration. After leading the world in annual wind power additions from 2005 through 2008, and then losing the mantle to China from 2009 through 2011, the U.S. narrowly regained the global lead in 2012. [1].  (Fig.1) 
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 The wind conditions are fairly good in the United States of America. (Fig.2)
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  Already in 2006, President Bush emphasized the nation’s need for greater energy efficiency and a more diversified energy portfolio. This led to a collaborative effort to explore a modeled energy scenario in which wind provides 20% of U.S. Electricity by 2030.
Finally in 2008 The U.S. Department of Energy (DOE) represented a new plan “20% Wind Energy by 2030. Increasing Wind Energy’s Contribution to U.S. Electricity Supply“. [2].  
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  Supplying 20% of U.S. electricity from wind could reduce electric sector carbon dioxide (CO2) emissions by 825 million metric tons. The 20% scenario would potentially reduce cumulative water consumption in the electric sector by 17% by 2030. (Fig. 3) Water scarcity is a significant problem in many parts of the country. Even so, few realize that electricity generation accounts for nearly half of all water withdrawals in the nation, with irrigation coming in second at 34% (USGS 2005). Water is used for cooling of natural gas, coal, and nuclear power plants and is an increasing part of the challenge in developing those resources. 
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I-2. Wind Power Advantages and Challenges:
Wind Power Advantages

· CLEAN ENERGY: Obtaining Energy from the wind emits zero emissions into atmosphere, providing a clean alternative to fossil fuels, which contribute significantly to dangerously high levels of atmospheric CO2. Wind energy is the best example of how to generate significant amounts of power without building huge plants or releasing greenhouse gases.
· LESS SPACE IS NEEDED: Wind turbines take much less space than what is required for a single power station, and the surrounding land can contribute to be used for other purposes.
· RENEWABLE ENERGY: Unlike fossil fuels, the wind will not run out, and can provide the planet with limitless supply of “free” power.
· NO WATER: Wind power consumes no water during operation. This will be an increasingly important attribute as the water-energy nexus grows in importance and as water use becomes an increasingly important facet of defining sustainability.

  There are many different types of wind turbines. The main qualification divides them into two groups: Horizontal axis wind turbines (HAWT) and Vertical axis wind turbines (VAWT).
  Horizontal axis wind turbines (HAWT) theoretically have higher power efficiencies than vertical axis wind turbines (VAWT) however wind direction is not important for a VAWT and so no time (or power) is wasted “chasing” the wind. In turbulent conditions with rapid changes in wind direction more electricity will be generated by a VAWT despite its lower efficiency.
HAWT sizes vary greatly: from couple meters height to couple hundred meters. [3]
Figure 4. Different sizes of wind turbines
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Wind Turbines Challenges:
  No commercial offshore projects have been installed in the United States, and the emergence of a U.S. market faces both challenges and opportunities. The ambitious could be feasible if the significant challenges identified below are overcome. 
· VISUAL: Not In My Backyard syndrome (NIMBY) raises major social acceptance challenge and may have negative impact in touristic areas. Public acceptance. 

· NOISE: generally restricted to 35 to 45 decibels at 300 meters and not of concern to humans after 800 meters 

·  WILDLIFE: wind may result in habitat destruction and involve collisions with bats and birds (even if wind is thought to represent only 0.003% of anthropogenic bird death); more than 573,000 birds are killed by the country’s wind farms each year, including 83,000 hunting birds such as hawks, falcons and eagles, according to an estimate published in March in the peer-reviewed Wildlife Society Bulletin. [4].  
· MARINE ECOSYSTEMS: wind farms may disturb mammals, notably due to the noise during construction. The long-term impact is yet under debate, as it could also attract new species thanks to artificial reefs where marine species can thrive; 

· WEALTH: Property land value & recreational impact. 
  One of the solutions for above challenges is Technology advance. Wind turbine manufacturers have worked on designs and aerodynamics that limit noise and the impact on wildlife. 
Another solution is introducing more education about wind power potential and improve Public acceptance factor. The more people would know about wind power and see the wind turbines around, the easier it would be to overcome the “Not In My Backyard” syndrome (NIMBY). 
I-3: BETZ LIMIT
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Hence, from equation (3), the power can be
defined as:

P :%pAva (4

A German physicist Albert Betz concluded in
1919 that no wind turbine can convert more than
16/27 (59.3%) of the kinetic energy of the wind
into mechanical energy turning a rotor. To this
day, this is known as the Betz Limit or Betz'
Law. The theoretical maximum power efficiency
of any design of wind turbine is 0.59 (i.e. no more
than 59% of the energy carried by the wind can
be extracted by a wind turbine). This is called the
“power coefficient” and is defined as:

C, =059

Prax

Also, wind turbines cannot operate at this
maximum limit. The Cp value is unique to each

turbine type and is a function of wind speed that
the turbine is operating in. Once we incorporate
various engineering requirements of a wind
turbine - strength and durability in particular - the
real world limit is well below the Betz Limit with
values of 0.35-0.45 common even in the best
designed wind turbines. By the time we take into
account the other factors in a complete wind
turbine system - e.g. the gearbox, bearings,
generator and so on - only 10-30% of the power
of the wind is ever actually converted into usable
electricity. Hence, the power coefficient needs to

CALCULATIONS WITH GIVEN DATA
We are given the following data:
Blade length, /| = 52m
Wind speed, v = 12 m/sec
Airdensity, o = 1.23 kg/m®
Power Coefficient, C, = 04

Inserting the value for blade length as the radius
of the swept area into equation (8) we have:

l=r=52m

A=a?
=7x52%
=8495m*

We can then calculate the power converted from
the wind into rotational energy in the turbine using
equation (7):

1
Paai =5 PAV*Cp

:%x 1238495 12° 04

=36MW

CONCLUSION

This value is normally defined by the turbine
designers but it is important to understand the
relationship between all of these factors and to
use this equation to calculate the power at wind
speeds other than the rated wind speed.
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[image: image24.emf]   Albert Betz was a German physicist who in 1919 concluded that no wind turbine can convert more than 16/27 (59.3%) of the kinetic energy of the wind into mechanical energy turning a rotor. To this day this is known as the Betz Limit or Betz' Law. This limit has nothing to do with inefficiencies in the generator, but in the very nature of wind turbines themselves.    Wind turbines extract energy by slowing down the wind. For a wind turbine to be 100% efficient it would need to stop 100% of the wind - but then the rotor would have to be a solid disk and it would not turn and no kinetic energy would be converted. On the other extreme, if you had a wind turbine with just one rotor blade, most of the wind passing through the area swept by the turbine blade would miss the blade completely and so most of the kinetic energy would remain with the wind and not be transferred to the wind turbine’s electrical generator.
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ENVIRONMENTAL & SOCIAL IMPACTS

GHG emissions from wind are among the lowest of any renewable-energy
technology, but its overall impact depends on power system integration

LIFECYCLE GREENHOUSE GAS EMISSIONS
g CO,eq/kWh

300 Wind does not directly emit GHGs o
other pollutants

250 On average, wind emits 12g CO,
equivalent per kWh over its full lifecycle:
— ~ 22 for concentrating solar power;
~ ~48forsolar PV;

~ ~ 500 for natural gas power plants;
150 ~ ~1000 for coal power plants.

200

If wind displaces fossil-fuel power plants,
100 it may resultin greater use of flexible
peak & intermediate plants emitting more
GHGs

- Impact is thus highly system specific, but
— — — nonetheless clear that it reduces air
Onshore Wind ~ Offshore Wind Solar PV Concentrating pollutants & GHG emissions

Solar Power

gCO2eq
/kWh

Source:  IPCC (2011), "Special report on renewable energy”
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   According to the Betz Limit the theoretical maximum power efficiency of any design of wind turbine is 0.59 (i.e. no more than 59% of the energy carried by the wind can be extracted by a wind turbine). (Fig.5)
This is called the “power coefficient” and is defined as:         Cp max = 0.59
Once you also factor in the engineering requirements of a wind turbine – strength and durability in particular - the real world limit is well below the Betz Limit with values of 0.35 0.45 common even in the best designed wind turbines. By the time other ineffiencies in a complete wind turbine system are taken into account - e.g. the generator, bearings, and power transmission and so on - only 10-40% of the power of the wind is ever actually converted into usable electricity. 
So we will assume that power maximum power would be converted Cp = 40% (0.4)
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II. Area of study- New York City, NY.
New York City using approximately 6.1 GW electricity per day with the main sources of energy from natural gas- 50%, nuclear-30%, hydroelectric- 10% and coal-10%. Last five years the city was introduces to large-scale solar energy. But there are no large-scale efforts to bring wind-power to the city, only small scale projects.
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For example, there is first eco-friendly billboard (equipped with 16 wind turbines and 64 solar panels) on the Times Square, entirely powered by the sun and the wind. (Fig. 6) By generating its own electricity — enough to light six homes for a year — the sign could save as much as $12,000 to $15,000 per month, which estimated that the sign would prevent 18 tons of carbon from being spewed into the air yearly. Times Square has 10-mile-an-hour winds, on average, ranging from no wind to gusts of 85 m.p.h. The turbines provide usable power from winds as weak as 5 m.p.h. and rotate safely in winds up to 100 m.p.h. 
[image: image28.png]ES0001-W310-A103

File Edit View Window Help

x

8288

(D) #oge Toumbrats

=N

g

=
==

J—

Tools = Sign  Comment

v Export PDF Files

Adobe ExportPDF

Convert PDF files to to Word o Excel
online

5 £50001 W310-4105-V6
Thie /116 MB

Convert To

Recognize Text in English(U.S.)

Convert

» Create PDF Files

» Send Files

o





 Manhattan is the most energy consumptive borough out of five of them in New York City (Fig.7)
Figure 7. Manhattan as one of the most energy consumptive borough of NYC


[image: image2]
   There’s enough potential wind power in the world to meet demand five times over. The trouble is, wind isn’t reliable: if you live in New York, it doesn’t help you that the wind is blowing in Alaska. It turns out, there’s a pretty straightforward solution. A new study found that by placing a series of offshore turbines so that they catch prevailing winds as they shift and then linking them up on the same power line, a constant source of energy can be created. 
What about to install small urban wind turbines on the roofs of skyscrapers or the tall offshore turbines on the Hudson River? How much energy would it bring to the NY City?
In order to provide Manhattan with electricity the wind turbines could be installed: 
1) Small-scale Roof Turbines (5kW); 
2) Large-scale Offshore Wind Turbines (3.6MW).[image: image29.png]Wind Power Classification
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III. Wind Turbines
III-1. Small Urban Roof Top Wind Turbines
  Let’s get the minimum building height as 600ft (about 182m) and up. According to Wikipedia there are 102 buildings which height is more than 600ft. [5].
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The exact location for potential wind turbine rooftop buildings can be find using ArcGIS elevation values tools. (Fig.8)
  There are two main requirements for the roof to be suitable for Small Urban Wind Turbine installation:

 1) Minimum building height;

2) Horizontal clearance needed to avoid wind tunnel and other issues.
Figure 8. Potential rooftops locations for wind power turbines.

(http://afraint.webfactional.com/post/script_tool_wind_turbine- by Aaron Fraint)
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   Let’s assume that out of potential 102 buildings which height is more than 600ft only about 70 buildings have roofs with appropriate flat horizontal clearance. The reason for using 70 roofs out of 102 for wind turbine installation is possibility that some of the roofs have already have wind turbines on them or other restrictions applied on those roofs.
The turbine I have chosen to use as a small urban model is TALON5 Grid-Tied Wind Turbine System 5kW (Price $8150) (Fig.9)
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  Wind is created by the unequal heating of the Earth's surface by the sun. Wind turbines convert the kinetic energy in wind into clean electricity. When the wind spins the wind turbine's blades, a rotor captures the kinetic energy of the wind and converts it into rotary motion to drive the generator. 
The energy available for conversion mainly depends on the wind speed and the swept area of the turbine.

 When planning a wind farm it is important to know the expected power and energy output of each wind turbine to be able to calculate its economic viability. An estimate of the annual energy output from a wind turbine (in kW per year) is the best way to determine whether it and the tower will produce enough electricity to meet your needs. 
Fig.9 TALON5 Grid-Tied 

Wind Turbine System 5kW
This turbine has the following specification:
P avail = 5kW
Wind speed, v = 10 m/sec

Air density, ρ = 1.23 kg/m3
Cp = 0.4 (assume)


If                                      &      A = πr2 
Then:

r = (2*Pavail / [ρv3 Cp] ) 0.5 = (2*5000/[1.23*103*0.4]) 0.5,  r = 2.5 m
If each of available 70 roofs would install 4 turbines we would have:
Table 1. Cost-Benefits Efficiency of Small Urban Roof Turbines
	Quantity
	Cost per 1pc 
	Total Cost

	280
	$8150
	$2,282.000

	 

	Quantity
	Energy provided by 1pc, [kW]
	Total Energy [1MW]

	280
	5
	1.4


Predictions of how much energy will be produced by a turbine are important to the energy market, as energy is sold before it is actually produced. This means that accurate calculations of the energy are very important to balancing the energy in the market. 
In the right location, it takes only three to eight months for a wind energy farm to recoup the energy consumed by its building and installation -- one of the fastest "energy payback times" of any energy technology on the market.
III-2. Offshore Tall Wind Turbines Farm
   Offshore wind power refers to the construction of wind farms in bodies of water to generate electricity from wind. Unlike the typical usage of the term "offshore" in the marine industry, offshore wind power includes inshore water areas such as lakes, fjords and sheltered coastal areas, utilizing traditional fixed-bottom wind turbine technologies, as well as deep-water areas utilizing floating wind turbines. 
  1) Wind speed at least 3-5 m/sec;
2)  Location approval due to living near by communities, especially in Manhattan;
  The turbine I have chosen to use as a small urban model is Siemens 3.6MW wind turbine, Rotor Diameter 107m (0.066 mile). [6] 
(Price $6 millions). (Fig.10)
 In 2011, Siemens Wind Power had 6.3% share of the world wind turbine market. In 2009 it had a market share of nearly 75% of European offshore wind turbines by capacity and number. (Fig.9)
 Featuring a 107-meter rotor, that SWT-3.6-107 has since become one of the company's two top-selling volume products. This huge flagship turbine has also emerged as one of the world's most successful turbines for offshore wind plants.

There are lots of requirements and challenges for the wind turbine farm location. I have just approximately assumed that they should be placed along the Manhattan side on Hudson River. 
Based on the successful example of Bayonne, NJ Wind turbine constructed in 2012 I have assumed that the wind speed along Hudson River is high enough for construction and successful using of wind turbines.

Further research for exact location on each wind turbine is required. A large number of parameters have to be taken into account when developing a layout. Some work can be done using tools, but in the end the balance between financial, technical and planning constraints can be best done by an experiences engineer.
As a general rule the distance between wind turbines in prevailing wind direction should be a minimum of the equivalent of five rotor diameters. 
Min Distance is 5 * Rotor Diameter= 5 * 0.066miles = 0.33 ~ 0.3 miles.
Manhattan is 13.4 miles long and is 0.8 miles wide at the narrowest point, and 2.3 miles at the widest. 

Let’s assume that we can install 10 turbines. (Fig.11)
If the wind farm of 10 turbines would be developed and built on the Hudson River along Manhattan we would have:
Table 2. Cost-Benefits Efficiency of Tall Offshore Wind Farm
	Quantity
	Cost per 1pc 
	Total Cost

	10
	6.000.000 
	$60.000.000

	

	Quantity
	Energy provided by 1pc, [MW]
	Total Energy [MW]

	10
	3.6
	36


Figure 11. Wind Turbines (type Siemens 3.6MW wind turbine) and theirs approximate locations on the Hudson River side of Manhattan.
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IV. CO2, SO2, NOx and Particulate Matter Emission
Reduction achieved while using Wind Power instead of Conventional Sources of Power.
   Comparisons of life-cycle greenhouse gas emissions attempt to calculate the emissions of greenhouse gases or solely carbon dioxide over the full life of a power source, from groundbreaking to fuel sources to waste management back to green field status.
It is important to note that for all technologies, advances in efficiency and therefore reductions in CO2 emissions since the time of publication have not been included. For example, the total life cycle emissions from wind power may have reduced since publication, similarly, due to the timescales over which the studies were conducted. (Fig. 12)
Figure 12. Greenhouse Gas Emissions from Electricity Production. [7], [8]

[image: image5]
On average, wind emits 12g CO2 equivalent per kWh over its full lifecycle: 

~ 22 for concentrating solar power; 

~ 48 for solar PV; 

~ 500 for natural gas power plants; 

~ 1000 for coal power plants. 
Table 3. Emissions Produced by 1 Kilowatt-hour of Electricity Based on Life-Cycle Analysis [9]
	Generation option
	Greenhouse gas emissions gram equiv CO2/kWh
	SO2 emissions milligram/kWh
	NOx emissions milligram/kWh
	NMVOC milligram/kWh
	Particulate matter milligram/kWh

	Hydropower
	2-48
	5-60
	3-42
	0
	5

	Coal—modern plant
	790-1182
	700-32321+
	700-5273+
	18-29
	30-663+

	Nuclear
	2-59
	3-50
	2-100
	0
	2

	Natural gas (combined cycle)
	389-511
	4-15000+
	13+-1500
	72-164
	1-10+

	Wind
	7-124
	21-87
	14-50
	0
	12-190

	Solar photovoltaic
	13-731
	24-490
	16-340
	70
	12-190


   I would like to compare the emission that is produce by three different generated options:

Coal Plant, Gas Plant and Wind Turbines.
  For wind turbines most of the GHG emissions arise at the turbine production and plant construction, which vary between 72-90% of cumulative emissions. Significant differences lie mainly in the foundation of the power plant. For instance, offshore wind turbines require significantly higher amounts of steel and cement than an on-shore counterpart for construction. [10]
  Typically, larger turbines (under similar wind conditions) have lower life-cycle GHG emissions than smaller turbines, whereas offshore turbines have higher emissions than onshore turbines given equal capacity factors (or wind conditions), due to the high level of emissions associated with the foundation, connection and erection for off-shore turbines.
For wind turbines most of the GHG emissions arise at the turbine production and plant construction, which vary between 72-90% of cumulative emissions. Significant differences lie mainly in the foundation of the power plant. For example, offshore wind turbines require significantly higher amounts of steel and cement than an on-shore counterpart for construction.

   According to the Table 3 we can calculate how much emission can be reduced after installation of wind turbines.
IV-1. Small Urban Roof Top Wind Turbines GHG Emission reduction:

1400 kW or 1.4 MW of Energy would produce the certain quantity of emissions: (Table 4)
Table 4. Emissions Produced by 1.4 MW( 1400 kW) of Electricity 
	Generation option
	Greenhouse gas emissions kg equiv CO2/kWh
	SO2 emissions g/kWh
	NOx emissions g/kWh
	Particulate matter g/kWh

	
	HIGH RANGE
	LOW RANGE
	HIGH RANGE
	LOW RANGE
	HIGH RANGE
	LOW RANGE
	HIGH RANGE
	LOW RANGE

	Coal Electric Plant
	1654.8
	1106
	45249
	980
	7382.2
	980
	928.2
	42

	Gas Electric Plant
	715.4
	544.6
	21000
	5.6
	2100
	18.2
	14
	1.4

	Small Urban Roof Top Wind Turbines
	173.6
	9.8
	121.8
	29.4
	70
	19.6
	266
	16.8


*High & Low Ranges of Emission Production.
From the table 3 we can see that GHG emissions from Wind are low compare with conventional sources of power and among the lowest of any renewable-energy technology, its overall impact depends on power system integration. 

Table 4 represents the amount of GHG emissions due to production of 1.4 MW of Electricity by Coal Plant, Gas Plant and Small Wind Roof Turbines.

 Figures 13-16 (Fig. 13, Fig. 14, Fig. 15, Fig. 16) represent the visual comparison of GHG emissions between Coal Plant, Gas Plant and Small Wind Roof Turbines.
Figure 13. Greenhouse Gas Emissions CO2 from Production of 1400 kW of Electricity.
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· Carbone dioxide (CO2): Coal plants are the nation’s top source of carbon dioxide (CO2) emissions, the primary cause of global warming. 
A typical coal plant generates 3.5 million tons of CO2 per year. Burning coal is also a leading cause of smog, acid rain, and toxic air pollution. Some emissions can be significantly reduced with readily available pollution controls, but most U.S. coal plants have not installed these technologies.
A typical gas plant produces half as much CO2 as Coal Plant. 

A wind turbine produces 10 times less CO2 compare to coal plant.
GHG emissions from wind are among the lowest of any renewable-energy technology, but its overall impact depends on power system integration.
Figure 14. Greenhouse Gas Emissions SO2 from Production of 1400 kW of Electricity.
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· Sulfur dioxide (SO2): SO2 pollution takes a major toll on public health, including by contributing to the formation of small acidic particulates that can penetrate into human lungs and be absorbed by the bloodstream. SO2 also causes acid rain, which damages crops, forests, and soils, and acidifies lakes and streams. 
A typical uncontrolled coal plant emits 14,100 tons of SO2 per year. Coal plants are the United States’ leading source of SO2 pollution. A typical coal plant with emissions controls, including flue gas desulfurization (smokestack scrubbers), emits 7,000 tons of SO2 per year.
Wind turbines would produce much less SO2 emission in average compare to coal and gas electric plants.
Figure 15. Greenhouse Gas Emissions NOx from Production of 1400 kW of Electricity.
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· Nitrogen oxides (NOx): NOx pollution causes ground level ozone, or smog, which can burn lung tissue, exacerbate asthma, and make people more susceptible to chronic respiratory diseases. 
A typical uncontrolled coal plant emits 10,300 tons of NOx per year. A typical coal plant with emissions controls, including selective catalytic reduction technology, emits 3,300 tons of NOx per year.
Typical gas electric plant produces three to four times less NOx compare to coal plant. Wind turbines produces even less NOx emissions.
Figure 16. Greenhouse Gas Emissions Particulate matter from Production of 1400 kW of Electricity.
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· Particulate matter: Particulate matter (also referred to as soot or fly ash) can cause chronic bronchitis, aggravated asthma, and premature death, as well as haze obstructing visibility.
   A typical uncontrolled coal plant emits 500 tons of small airborne particles each year. Baghouses installed inside coal plant smokestacks can capture as much as 99 percent of the particulates.
      Wind turbines and gas electric plants produce less particulate matter emission compare to coal plants and a little more than gas electric plant. 
The 

IV-2. Offshore Wind Farm Emission reduction:
Referring to the table 3 we can calculate how much Emission would be created while producing
36000 kW  or 36 MW of Energy: 

Table 5. Emissions Produced by 36 MW (36000 kW) of Electricity 
	Generation option
	Greenhouse gas emissions kg equiv CO2 /kWh
	SO2 emissions g/kWh
	NOx emissions g/kWh
	Particulate matter g/kWh

	
	HIGH RANGE
	LOW RANGE
	HIGH RANGE
	LOW RANGE
	HIGH RANGE
	LOW RANGE
	HIGH RANGE
	LOW RANGE

	Coal Electric Plant
	42552
	28440
	1163556
	25200
	189828
	25200
	23868
	1080

	Gas Electric Plant
	18396
	14004
	540000
	144
	54000
	468
	360
	36

	Offshore Turbines
	4464
	252
	3132
	756
	1800
	504
	6840
	432


Table 5 represents the amount of GHG emissions due to production of 36 MW of Electricity by Coal Plant, Gas Plant and Small Wind Roof Turbines.

 Figures 17-20 (Fig. 17, Fig. 18, Fig. 19, Fig. 20) represent the visual comparison of GHG emissions between Coal Plant, Gas Plant and Small Wind Roof Turbines.
Figure 17. Greenhouse Gas Emissions CO2 from Production of 35 MW of Electricity.
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Figure 18. Greenhouse Gas Emissions SO2 from Production of 35 MW of Electricity.
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Figure 19. Greenhouse Gas Emissions NOx from Production of 35 MW of Electricity.
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Figure 20. Greenhouse Gas Emissions Particulate matter from Production of 35 MW of Electricity.
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As we can see the same tendency as for small urban turbines can be visible on the figures 17-20 that represent the GHG emissions from Tall Offshore Turbines and conventional sources of energy (coal plants and gas plants).
Wind power produced 10-100 times less GHG emissions into atmosphere.

V. Successful example of high energy capacity wind turbine construction in Bayonne, NJ

   Seven kilometers (nearly five miles) from New York City on the Hudson River, an LTW77 wind turbine with a rated power of 1.5 MW was built under contract with the city of Bayonne. (Fig.21) The clean energy will be provided to the Oak Street Pumping Station, the main combined sanitary-storm water pumping station serving the entire city of Bayonne.  

 It is the first wind turbine in USA created by LEITWIND and cost about $6 million for the city of Bayonne. It is able to supply 600 single-family homes, while generating 3.3GW hrs of electricity on an annual basis. Apart from greening up New Jersey, the wind turbine also help authorities save $175,000 annually, otherwise invested in conventional sources of power. 

“New Jersey’s energy master plan has until 2020 to reach the goal that was set of producing 30% of electricity from renewable energy sources. This wind turbine may indeed only be a small contribution along the path to this ambitious goal, but in so doing, the city administration is taking an important step in the right direction.” * (Anton Seeber, the CEO Leitwind*) [11]
Figure 21. Location and image of Leitwind LTW77-1.5MW wind turbine installed in Bayonne,NJ.



VI. Conclusion.

   In this project I found out how much energy can the wind power bring to NYC through the installation of Small Urban Wind Turbines and Tall Offshore Wind Turbines. 

 The installation of 280 small urban roof turbines and 10 tall offshore tall wind turbines would bring to NYC 1.4mW and 36mW of Energy respectively.

 Wind potentially reduces demand for fossil fuels, in turn reducing fuel prices and stabilizing electricity rates. 
 I have found that GHG emissions from wind are among the lowest of any renewable-energy technology, but its overall impact depends on power system integration. To prove this I found how much CO2, SO2, NOx and Particulate Matters emission could be reduced compare with conventional sources of energy like gas, oil.

 Comparing small-scale roof turbines and large-scale off-shore wind farms I can conclude that even though the wind farm is more expensive construction it would create much more energy for the NYC and it will be paid-off more efficient than small-scale wind turbines. On another hand, the roof turbines are easier get approval from the authorities for the construction compared to the wind farm, which location approval is much longer and complex process.

  A large number of parameters have to be taken into account when developing a layout. Some work can be done using tools, but in the end the balance between financial, technical and planning constraints can be best done by an experiences engineer. Wind Farms is very expensive and complicated area of engineering. But after high investments the energy received from wind power going to be limitless and renewable source. In the right location, it takes only three to eight months for a wind energy farm to recoup the energy consumed by its building and installation -- one of the fastest "energy payback times" of any energy technology on the market.
   In the end the Wind Power can reduce our carbon footprint and create cleaner environment. It can both save money and also be good for the environment. 
  All calculations presented in this report are intended to provide guidance for which energy source is more efficient. While every effort has been made to ensure these data’s accuracy, the possibility for errors exists.
Dissemination component
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Fig.5 Betz Limit (by Iowa Energy Center, USA.)








Fig.6 Eco-Friendly billboard on the Times Square entirely powered by the sun and the wind.





Figure 3. Potential emission and water usage reduction by 2030 according to the plan “20% Wind   


                  Energy by 2030. Increasing Wind Energy’s Contribution to U.S. Electricity Supply“.








Figure 1. Maps showing growth of wind power industry in U.S.














Figure 2. Wind Power Map of United States of America








Figure 10.  Siemens top-selling turbine 3.6 megawatt wind turbine. � HYPERLINK "http://en.wikipedia.org/wiki/Scoby_Power_Plant_and_Dam" \l "cite_note-nrhpinv_ny-2" ��[6]�
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