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PROJECTS AND TESTS COMING UP

MARK YOUR CALENDARS!

THIRD AND LAST TEST WILL BE ON APR 24, 
WEDNESDAY

FINAL EXAM 12.30 TO 2.30 MAY 2 THU, ASB-B 213

PROJECTS ON BLACKBOARD TODAY OR TOMORROW



ENERGY 
FROM THE 

SUN

Earlier: Concentrated Solar Power
How do solar panels work? 
Very roughly speaking: 
Solar light rays cause electric charge to move 
between different materials such as Phosphorus 
and Boron 



How do you measure energy?

• Energy = Capacity to do work

• Power = Energy / Time = Work / Time

• Mechanical Work = Force times distance

• Heat energy =  Energy needed to raise 

temperature by certain amount

• Electrical energy = Current x Voltage

• All are related! One form of energy could be 

converted to another form. Examples?



Measuring energy –units -Electricity

• (For more on these look at MIT notes on 
energy and units, on update page)

• Energy produced by solar panels is measured 
in watt-hours. 1 kilowatt-hour (Kwh)= 1000 
watt-hours
It is the energy used by a microwave (rated 

1000 watts) for one hour. So it POWERS the 
microwave for one hour.



How  powerful are you?

• Average home’s solar panels produce between 3 and 5 
kw

• 1 horse-power (hp) = 746 watts. So in one hour a horse 
can produce energy of 746 watt-hours. Recall: Power = 
Energy/Time

• Car engines these days produce 200 to 300 hp of 
power.

• Usain Bolt at his peak produces 2200 watts (2.2 Kw)



How much energy can you produce?

Calories, Joules and Watts

• 1 Calorie (actually kilocalorie)is the energy 
needed to heat 1 liter (about quarter gallon) of 
water by 1 degree C.

• It is equivalent of 4200 Joules of energy. 1 Joule 
per second is 1 Watt of power. So 1 watt-hour is 
3600 Joules.

• So if you consume 2000 calories and convert all 
that heat energy then you have (2000 x 4200)/(24 
x 60 x 60) = about 100 watts/sec

(power of a typical light bulb)



Some examples of 
electric power use and production

• A coal fired power plant produces about 500 
mw of power, or 500 MWh of energy every 
hour. 

• A nuclear power plant produces about 1000 
MWh

• Today there are solar panel farms that 
produce 500 to 1000 MWh

• Average home uses anywhere from 300-1500 
Kwh per month. US average = 900 kwh



Kochi Airport 
–

completely 
powered by 

the sun!

Kochi in Kerala in Southern India (my 
hometown!) is the world’s first 
airport powered entirely by the sun. 
Its panels produce 12 Mw of power.



Math in Solar Energy 
and Wind Energy

Peak efficiency 
of solar panels

I = current, V= voltage
P = Power
V needs to be at U
to maximize I and P 

! = !# − !% &'(/*+,



Power produced by a wind turbine
Most U.S. manufacturers rate their turbines by the 

amount of power they can safely produce at a 

particular wind speed, usually chosen between 24 

mph or 10.5 m/s and 36 mph or 16 m/s. More at 

https://www.windpowerengineering.com
P = Power output, kilowatts

Cp = Maximum power coefficient, ranging from 

0.25 to 0.45

ρ = Air density, lb/ft3

A = Rotor swept area

V = Wind speed, mph

k = 0.000133 A constant to yield power in 

kilowatts. (Multiplying the above kilowatt 

answer by 1.340 converts it to horse- power 

[i.e., 1 kW = 1.340 horsepower]).

FORMULA:

P = k Cp ρ A V3



Dr. Robert Bullard
”Father of 

Environmental Justice”

From Wikipedia: Former Dean of the Barbara 
Jordan - Mickey Leland School Of Public Affairs
(October 2011 - August 2016) and currently 
Distinguished Professor at Texas Southern 
University. Previously Ware Professor of Sociology 
and Director of the Environmental Justice 
Resource Center at Clark Atlanta University, He 
has been a leading campaigner against 
environmental racism, as well as the foremost 
scholar of the problem, and of the Environmental 
Justice Movement which sprung up in the United 
States in the 1980s. 

https://en.wikipedia.org/wiki/Barbara_Jordan_-_Mickey_Leland_School_Of_Public_Affairs
https://en.wikipedia.org/wiki/Texas_Southern_University
https://en.wikipedia.org/wiki/Clark_Atlanta_University
https://en.wikipedia.org/wiki/Environmental_racism


STATISTICS AND 
ENVIRONMENTAL JUSTICE

From the paper “The Distribution of 
Environmental Equity: Exploring Spatial 
Nonstationarity in Multivariate Models of Air 
Toxic Releases” by Jeremy L. Mennis and Lisa 
Jordan 
“Environmental justice is the principle that all 
people, regardless of race or socioeconomic 
status, are entitled to equal protection under 
environmental laws and to participate in 
environmental decision making in their 
community (Bullard 1996; EPA 2003)…. 



STATISTICS AND 
ENVIRONMENTAL JUSTICE - contd

…. A fundamental question in environmental 
justice research concerns environmental equity. 
Is there evidence of racial inequity in the 
distribution of hazardous facilities, and, if so, are 
there other nonracial factors that may 
statistically explain the variation in hazardous 
facility location? Many environmental equity 
studies employ some form of multivariate 
statistical analysis to disentangle the 
interrelationships among variables that may 
predict hazardous facility location”



STATISTICS AND 
ENVIRONMENTAL JUSTICE -example

SUPERFUND SITES AND CANCER RATES



STATISTICS AND 
ENVIRONMENTAL JUSTICE –example (CONTINUED)

SUPERFUND SITES AND CANCER RATES

“We have identified a significant positive association 
between Superfund density and overall cancer rates across 
the 48 contiguous USA, in addition to a significant trend for 
number of superfund sites per county and the corresponding 
cancer rates. Our results show that geographic areas with 
greater numbers of Superfund sites tend to have elevated 
cancer risk across the 48 contiguous states, and such 
counties also have elevated rates of minority populations.”

From the paper “A Spatial Study of the Location of 
Superfund Sites and Associated Cancer Risk” by Amin, 
nelson and McDougall



Use of Normal Distribution (Bell curve)
in statistical analyses

Many randomly occurring events follow the 
normal distribution (Bell curve).

In the paper quoted in previous slide, one of the 
models used to predict whether cancer 
distribution is random or is it because of 

connection with pollution is to compare it with 
normal distribution.


