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 re
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e 
co

nc
en

tra
tio

n 
of

 th
es

e 
sa
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r b
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ra
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 m
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ga

tio
n 

by
 fo

rc
in
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w
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 ra
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e 
w
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 p
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f c
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 c
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r c
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r c
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 c
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e 
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l c
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f t
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 d
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w
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er
 q

ua
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 c
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f c
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 d
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 c
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 b
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m
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 c
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is

 th
e 

pr
oc

es
s b
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 d
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ra
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r D
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 C
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I. Introduction

Soaking Up the Sun
Lisa DeJoseph, Rachel Mount, Megan Young

Special Thanks to Professor Kney, Professor Nadovich and George Xiques
CE 321: Introduction to Environmental Engineering

-Photovoltaic cells, or solar cells are the most widespread tool used to collect the energy 
from the sun’s rays. 

How do photovoltaic cells work? 
-Light is composed of photons, which have different
wavelengths

-PV cells only absorb certain wavelengths of the solar 
spectrum

-The energy from the photon is transferred to an electron 
in the  p-layer of the PV cell

- This electron leaves its spot

- Causes imbalance between n-type silicon (excess electrons)
and p-type silicone (excess holes)

- Due to the flow of electrons, the semiconductors act as a 
battery

- An electric field is created where they meet

- Acopian Engineering Center Solar Panels
- An array of photovoltaic cells on Acopian’s roof is used by 
Lafayette college students to determine efficiencies of 
alternate forms of energy

- Metzgar Field
- Over one year the Metzgar PV system averages 4,800 kWH.
- Lafayette college received a grant from hosting a 

sustainability conference.

-Extra energy from the reflectors during particularly sunny days or heat during the summer, can 
reduce lifespan of panels

-Cancel warranty
-Cause panels to overheat and may burn out due to excess energy concentration
-High temperatures can cause materials to melt
-Above 50 degrees Celsius the voltage may be decrease by as much as 1/6 of the 
total voltage of the panel

-Extra energy reflected during the summer months or in warm states may cause problems

Objectives
-Determine if reflectors enhance the efficiency of solar panels
Procedure
-Construct reflective surface using cardboard and aluminum foil
-Place reflectors on wall behind solar panels and record voltage and amperes
-Construct and hang covering over reflective surface
-Take volt and amp readings after reflectors are covered
Possible Problems
-Wrinkled tin foil may not concentrate adequate light
-Changing daylight affects amount of sun reaching panels due to surrounding building height

- National Security
-Photovoltaic arrays are small and usually kept on site
-Less vulnerable to a terrorist attack

-Reduces the number of “high value” targets
-Reduces grid instability 
-Reduces use of dangerous fuels that are hot-spots for a terrorist 
attack

- Environmental
-Reduce pollutants such as CO2, NOx, and SO2

- On-site generation
- Infrastructure required to transport energy is costly
- Reduction of the amount of power lost in transmission 

- Timing Advantage- solar energy production peaks when energy is most needed

Average Power without reflectors
- 753.16 watts
Average energy produced with reflector
- 1589.068 watts

Test if dual reflectors would increase efficiency of panels further
- We propose that this would increase effectiveness unless the reflectors cause shadows 

on the panels.

Newest Solar Technologies
- Holographic solar power vs. photovoltaic cells

-Solar panels often work below maximum potential
-Mainly in early morning and late afternoon
-Single crystal silicon cells are used in 85% of solar panels created and are 30% efficient
-Claims to improve efficiency

Claim 1 Claim 2

http://www.google.com/imgres?imgurl=http://i.ehow.com/

http://www.027ws.com/what-is-a-solar-panel.html

http://www.thebackshed.com/Windmill/forum1/forum_posts.asp?TID=507

Step 1: Install Reflectors Behind Solar Panels  

Energy
- The energy produced approximately doubled once the reflectors were put up.

Materials:
- Our materials were inexpensive, therefore with more professionally crafted reflectors 
efficiency could have increased further.

Time of Year of Experiment:
- Due to the time of year, the sun angle was not optimal for maximum power production.

- The optimal angle for efficiency is 45 degrees, while placement angle was 
only about 20 degrees

- Because we used such inexpensive materials and saw such a significant increase we can 
conclude that it may be advantageous to implement these reflectors on a greater scale.
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II. Solar Projects at Lafayette

III. General Benefits of Solar Energy Use

IV. Pre-Experiment Research

VI. Increased Monetary Benefits of Solar Energy

V. Possible Problems With Reflectors

VII. Reflector Experiment

IX. Experimental Data

XI. Future Recommended Experiments
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X. Conclusions

XII. References
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Step 2: Cover Reflectors  For Base Readings

http://environment.lafayette.edu/green-lafayette/

-Install a mirror in front of the solar panel
-Can increase efficiency up to 75%
-Must not block sun from reaching panel

-Install two mirrors surrounding solar panel
-Approximately double the amount of 
light that hits the panel

Bornstein, S. (2008). The market value and cost of solar photovoltaic electricity production. Center for the study of 
energy materials, Retrieved from www.ucei.org

Townsend, J, & Fung, F. (2009, October 29). Combined thin film photovoltaic and reflective 3d parabolic panels for 
utility-scale solar dishes [Web log message]. Retrieved from http://energy.sigmaxi.org/?p=1095

U.S. Department of Energy , Photovoltaic's Program. (n.d.). How a photovoltaic cell works Retrieved from 
http://inventors.about.com/library/inventors/blsolar3.htm Wright, B. Window on state government, Texas 

Comptroller or Public Accounts. (2008). Its all done with mirrors Retrieved from 
http://www.window.state.tx.us/comptrol/fnotes/fn0809/mirrors\

http://www.geo-dome.co.uk/article.asp?uname=solar_mirror
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e
ct
e
d
b
y

th
e
w
a
te
r
q
u
a
li
ty
o
f
th
e
b
a
y.
T
h
e
re
fo
re
,i
t
is
v
e
ry
im
p
o
rt
a
n
t
to
m
o
n
it
o
r
th
is

w
a
te
r,
a
n
d
m
a
k
e
ce
rt
a
in
th
a
t
th
e
re
is
n
o
th
in
g
th
e
re
th
a
t
co
u
ld
p
o
te
n
ti
a
ll
y

a
lt
e
r
th
e
e
n
v
ir
o
n
m
e
n
t
si
g
n
if
ic
a
n
tl
y.

O
n
e
o
f
th
e
b
e
st

w
a
y
s
to

e
x
a
m
in
e
th
e
w
a
te
r
q
u
a
li
ty

is
to

st
u
d
y
th
e

S
u
b
m
e
rg
e
d
A
q
u
a
ti
c
V
e
g
e
ta
ti
o
n
(S
A
V
),
w
h
ic
h
is
e
a
sy
to
co
ll
e
ct
d
a
ta
o
n
,
a
n
d

is
a
g
o
o
d
in
d
ic
a
to
r
o
f
th
e
to
ta
l
w
a
te
r
q
u
a
li
ty
o
f
th
e
b
a
y.
T
h
e
re
a
re
m
a
n
y

d
if
fe
re
n
t
ty
p
e
s
o
f
S
A
V
in
th
e
C
h
e
sa
p
e
a
k
e
,
m
o
st
o
f
w
h
ic
h
a
re
d
is
tr
ib
u
te
d

th
ro
u
g
h
o
u
t
th
e
e
n
v
ir
o
n
m
e
n
t
b
a
se
d
o
n
v
a
ry
in
g
sa
li
n
it
ie
s
o
f
th
e
w
a
te
r.

S
A
V
is
ca
te
g
o
ri
ze
d
b
y
sa
li
n
it
y
le
v
e
ls
in
m
o
st
w
a
te
r
q
u
a
li
ty
st
u
d
ie
s
b
e
ca
u
se

e
a
ch

zo
n
e
su
p
p
o
rt
s
d
if
fe
re
n
t
ty
p
e
s
o
f
li
fe
,
w
h
ic
h
re
sp
o
n
d
d
if
fe
re
n
tl
y
to

p
o
ll
u
ta
n
ts
in
th
e
w
a
te
r.

In
th
e
st
u
d
y,
th
e
re

w
e
re

se
v
e
n
d
if
fe
re
n
t
C
a
se
-

S
tu
d
ie
s,
th
re
e
o
f
w
h
ic
h
w
e
re

in
lo
w
-s
a
li
n
it
y
zo
n
e
s,
a
n
d
tw
o
h
ig
h
a
n
d

m
e
d
iu
m
-s
a
li
n
it
y
zo
n
e
s.
T
h
e
se
a
re
sh
o
w
n
in
F
ig
.1
b
e
lo
w
.

B
ac

kg
ro

un
d

S
in
ce

1
9
8
4
,
w
h
e
n
th
e
C
h
e
sa
p
e
a
k
e
B
a
y
e
x
p
e
ri
e
n
ce
d
it
s
lo
w
e
st

to
ta
l
S
A
V

a
b
u
n
d
a
n
ce
in
re
ce
n
t
h
is
to
ry
,
th
e
re
h
a
v
e
b
e
e
n
m
a
n
y
fl
u
ct
u
a
ti
o
n
s
in
th
e
a
m
o
u
n
t

o
f
S
A
V
fo
u
n
d
in
th
e
v
a
ri
o
u
s
sa
li
n
it
y
zo
n
e
s
o
f
th
e
b
a
y.
T
h
e
se
fl
u
ct
u
a
ti
o
n
s
a
re

sh
o
w
n
in
F
ig
.2
.

Lo
w
Sa
li
n
it
y
Zo
n
es
:

•R
a
te
o
f
S
A
V
g
ro
w
th
w
a
s
in
it
ia
ll
y
v
e
ry

lo
w
u
n
ti
l
th
e
la
st
d
e
ca
d
e
,
w
h
e
n
th
e

g
ro
w
th
ra
te
in
cr
e
a
se
d
si
g
n
if
ic
a
n
tl
y.

•N
it
ro
g
e
n
a
n
d
P
h
o
sp
h
o
ru
s
lo
a
d
s
h
a
d
th
e
m
o
st
si
g
n
if
ic
a
n
t
n
e
g
a
ti
v
e
co
rr
e
la
ti
o
n

w
it
h
th
e
S
A
V
.T
h
e
S
A
V
is
m
o
re
d
e
p
e
n
d
e
n
t
o
n
th
e
N
it
ro
g
e
n
th
a
n
th
e
P
h
o
sp
h
o
ru
s,

h
o
w
e
v
e
r,
b
e
ca
u
se

th
e
S
A
V
d
id
n
o
t
st
a
rt
to
g
ro
w
b
a
ck

a
s
fa
st
u
n
ti
l
st
ri
ct
e
r

re
g
u
la
ti
o
n
s

o
n

N
it
ro
g
e
n

o
u
tp
u
t
fr
o
m

se
w
a
g
e
-t
re
a
tm
e
n
t
p
la
n
ts

w
e
re

im
p
le
m
e
n
te
d
.

•O
th
e
r
v
a
ri
a
b
le
s
th
a
t
a
ls
o
h
a
d
a
h
ig
h
co
rr
e
la
ti
o
n
in
th
e
se
a
re
a
s
w
e
re
S
e
cc
h
i

d
e
p
th
,w
a
te
r
te
m
p
e
ra
tu
re
,t
o
ta
l
su
sp
e
n
d
e
d
so
li
d
s,
ch
lo
ro
p
h
y
ll
-a
,a
n
d
sa
li
n
it
y.

M
ed
iu
m
Sa
li
n
it
y
Zo
n
es
:

•L
ik
e
th
e
lo
w
zo
n
e
s,
th
is
zo
n
e
e
x
p
e
ri
e
n
ce
d
a
n
in
it
ia
l
p
e
ri
o
d
o
f
m
o
d
e
ra
te
g
ro
w
th

in
th
e
S
A
V
,b
u
t
th
a
t
w
a
s
th
e
n
fo
ll
o
w
e
d
b
y
a
se
ri
e
s
o
f
fl
u
ct
u
a
ti
n
g
a
b
u
n
d
a
n
ce
s.

•O
n
e
e
x
p
la
n
a
ti
o
n
fo
r
th
e
se
fl
u
ct
u
a
ti
o
n
s
is
th
e
S
A
V
th
e
m
se
lv
e
s.

O
n
e
sp
e
ci
e
s,

la
b
e
le
d
R
.m
ar
it
im
a,
is
k
n
o
w
n
a
ro
u
n
d
th
e
w
o
rl
d
fo
r
th
ri
v
in
g
in
h
o
t
p
la
ce
s.
T
h
is

m
a
y
h
a
v
e
co
n
tr
ib
u
te
d
to

it
s
h
ig
h
g
ro
w
th

p
e
ri
o
d
d
u
ri
n
g
a
d
ro
u
g
h
t
a
n
d
a

d
ra
m
a
ti
c
d
e
cl
in
e
d
u
ri
n
g
a
v
e
ry
w
e
t
se
a
so
n
.

•A
g
a
in
,
N
it
ro
g
e
n
a
n
d
P
h
o
sp
h
o
ru
s
a
m
o
u
n
ts
h
a
d
th
e
la
rg
e
st
co
rr
e
la
ti
o
n
s
to
th
e

S
A
V
a
b
u
n
d
a
n
ce
,w
it
h
N
it
ro
g
e
n
h
a
v
in
g
a
m
o
re
si
g
n
if
ic
a
n
t
im
p
a
ct
.

•O
th
e
r
fa
ct
o
rs
th
a
t
sh
o
w
e
d
a
sl
ig
h
tl
y
e
le
v
a
te
d
co
rr
e
la
ti
o
n
w
e
re
to
ta
l
su
sp
e
n
d
e
d

so
li
d
s,
S
e
cc
h
i
d
e
p
th
,a
n
d
ch
lo
ro
p
h
y
ll
-a
.

Fi
nd

in
gs

Fi
g 

2:
 A

nn
ua

l S
AV

 a
bu

nd
an

ce
 in

 th
e 

C
he

sa
pe

ak
e 

ba
y 

H
ig
h
Sa
li
n
it
y
Zo
n
es
:

•T
h
e
h
ig
h
-s
a
li
n
it
y
zo
n
e
s
h
a
v
e
sh
o
w
n
th
e
m
o
st
p
ro
b
le
m
s
a
ss
o
ci
a
te
d
w
it
h
S
A
V

g
ro
w
th
.
W
h
il
e
th
e
re
w
a
s
a
n
in
it
ia
l
in
cr
e
a
se
in
a
b
u
n
d
a
n
ce
,
th
a
t
w
a
s
fo
ll
o
w
e
d
b
y

a
sh
a
rp
d
e
cl
in
e
,w
h
ic
h
e
v
e
n
tu
a
ll
y
le
d
to
le
v
e
ls
b
e
lo
w
th
a
t
o
f
th
e
st
a
rt
d
a
te
.

•F
o
r
th
is
a
re
a
,
th
e
o
n
ly

v
a
ri
a
b
le
s
th
a
t
w
e
re

si
g
n
if
ic
a
n
tl
y
co
rr
e
la
te
d
w
e
re

d
is
so
lv
e
d
in
o
rg
a
n
ic
n
it
ro
g
e
n
,a
n
d
S
e
cc
h
i
d
e
p
th
.

•T
h
e
d
e
cr
e
a
se
d
a
b
u
n
d
a
n
ce

is
m
o
st
li
k
e
ly
d
u
e
to
ch
a
ra
ct
e
ri
st
ic
s
o
f
th
e
a
ct
u
a
l

sp
e
ci
e
s
o
f
S
A
V
.
Z.
M
ar
in
a,
o
n
e
ty
p
e
o
f
S
A
V
th
a
t
is
p
ro
m
in
e
n
t
in
th
e
h
ig
h
sa
li
n
it
y

a
re
a
s
o
f
th
e
C
h
e
sa
p
e
a
k
e
,
is
se
n
si
ti
v
e
to
li
g
h
t
p
e
n
e
tr
a
ti
o
n
;
e
sp
e
ci
a
ll
y
w
h
e
n
th
e

te
m
p
e
ra
tu
re
in
cr
e
a
se
s.
T
h
e
cl
im
a
te
o
f
th
e
b
a
y
a
re
a
h
a
s
g
ra
d
u
a
ll
y
g
o
tt
e
n
h
o
tt
e
r,

th
e
re
fo
re
,t
h
is
sp
e
ci
e
s
is
st
a
rt
in
g
to
lo
se
it
s
a
b
u
n
d
a
n
ce
.

G
ra
d
u
a
ll
y,
si
n
ce
1
9
8
4
,
th
e
h
e
a
lt
h
o
f
th
e
C
h
e
sa
p
e
a
k
e
B
a
y
h
a
s
in
cr
e
a
se
d
,
a
s
w
e

h
a
v
e
re
d
u
ce
d
d
u
m
p
in
g
o
f
su
ch

to
x
ic
p
o
ll
u
ta
n
ts
a
s
n
it
ro
g
e
n
a
n
d
P
h
o
sp
h
o
ru
s.
,

w
h
ic
h
h
a
v
e
p
ro
v
e
d
to
h
a
v
e
th
e
h
ig
h
e
st
co
rr
e
la
ti
o
n
to
S
A
V
.
U
n
fo
rt
u
n
a
te
ly
,w
e
st
il
l

h
a
v
e
a
w
a
y
s
to
g
o
b
e
fo
re
re
a
ch
in
g
o
p
ti
m
a
l
h
e
a
th
.
T
h
e
la
ck
o
f
co
n
ti
n
u
e
d
g
ro
w
th

in
th
e
S
A
V
is
a
n
in
d
ic
a
to
r
th
a
t
th
e
th
e
re
a
re
st
il
l
to
o
m
a
n
y
ch
e
m
ic
a
ls
fo
r
a
la
rg
e

a
m
o
u
n
t
o
f
v
e
g
e
ta
ti
o
n
to
e
x
is
t.

C
on

cl
us

io
n

Fi
g.

 1:
 S

al
in

it
y 

Zo
ne

s o
n 

th
e 

C
he

sa
pe

ak
e 

Fi
g 

3:
 W

at
er

 q
ua

lit
y 

su
m

m
ar

y

T
h
e
st
u
d
y,
w
h
ic
h
h
a
s
ta
k
e
n
w
a
te
r
q
u
a
li
ty
d
a
ta
e
v
e
ry
y
e
a
r
si
n
ce
1
9
8
4
,
h
a
s

lo
o
k
e
d
a
t
th
e
co
rr
e
la
ti
o
n
b
e
tw
e
e
n
th
e
S
A
V
a
b
u
n
d
a
n
ce

a
n
d
a
n
u
m
b
e
r
o
f

in
d
e
p
e
n
d
e
n
t
v
a
ri
a
b
le
s
b
o
th
in
th
e
to
ta
l
b
a
y
a
s
w
e
ll
a
s
in
e
a
ch

in
d
iv
id
u
a
l

ca
se
-s
tu
d
y.
T
h
e
se

in
cl
u
d
e
d
to
ta
l
a
n
d
fl
o
w
-w
e
ig
h
te
d
co
n
ce
n
tr
a
ti
o
n
s
fo
r

N
it
ro
g
e
n
,
P
h
o
sp
h
o
ru
s,
su
sp
e
n
d
e
d
se
d
im
e
n
t,
a
n
d
N
it
ra
te
,
a
s
w
e
ll
a
s
b
o
th

m
e
a
n
a
n
d
m
e
d
ia
n
v
a
lu
e
s
fo
r
su
rf
a
ce
-d
is
so
lv
e
d
in
o
rg
a
n
ic
n
it
ro
g
e
n
,
to
ta
l

su
sp
e
n
d
e
d
so
li
d
s,
ch
lo
ro
p
h
y
ll
-a
,
S
e
cc
h
i
d
e
p
th
(w
a
te
r
cl
a
ri
ty
),
sa
li
n
it
y,
a
n
d

w
a
te
r
te
m
p
e
ra
tu
re
.

By
 S

am
 C

as
ta

gn
et

ta
, J

er
em

y 
Fo

rs
yt

h,
 a

nd
 G

eo
rg

iT
od

or
ov

P
ri

m
ar

y 
W

or
k 

C
it

ed
:

O
rt

h,
 R

. J
., 

W
ill

ia
m

s,
 M

. R
., 

Ba
ti

uk
, R

. A
., 

M
ar

io
n,

 S
. R

., 
W

ilc
ox

, D
. 

J.,
 C

ar
ru

th
er

s,
 T

. J
., 

et
 a

l. 
(2

01
0)

. L
on

g-
Te

rm
 T

re
nd

s i
n 

Su
bm

er
se

d 
A

qu
at

ic
 V

eg
et

at
io

n 
(S

AV
) i

n 
C

he
sa

pe
ak

e 
Ba

y,
 U

SA
, R

el
at

ed
 to

 
W

at
er
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ua

lit
y.

 E
st

ua
ri

es
 a

nd
 C

oa
st

s
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A
s 

w
e 

ha
ve

 m
ov

ed
 fu

rt
he

r 
an

d 
fu

rt
he

r 
in

to
 a

 g
re

en
 

fu
tu

re
, h

om
e 

bu
ild

in
g 

ha
s 

go
ne

 th
ro

ug
h 

ra
di

ca
l c

ha
ng

es
.  

A
s 

po
pu

la
tio

n 
so

ar
s 

an
d 

de
ve

lo
pm

en
t c

on
tin

ue
s 

to
 

sp
re

ad
, w

e 
ca

n 
no

 lo
ng

er
 fa

ll 
on

 tr
ad

iti
on

al
 m

et
ho

ds
 fo

r 
co

ns
tr

uc
tio

n 
w

he
re

 c
om

pi
lin

g 
re

so
ur

ce
s 

w
as

 n
ot

 a
 m

aj
or

 
co

nc
er

n.
  I

n 
to

da
y’

s 
so

ci
et

y 
m

an
y 

al
te

rn
at

iv
es

 to
 

tr
ad

iti
on

al
 b

ui
ld

in
g 

m
at

er
ia

ls
 a

nd
 m

or
e 

ef
fic

ie
nt

 
ap

pl
ia

nc
es

 a
re

 a
va

ila
bl

e 
as

 w
el

l a
s 

pr
ac

tic
es

.  
In

 m
od

er
n 

co
ns

tr
uc

tio
n,

 it
 is

 n
ot

 o
nl

y 
vi

ta
l t

o 
de

si
gn

 to
 re

du
ce

 o
ur

 
en

er
gy

 c
on

su
m

pt
io

n,
 it

 is
 n

ec
es

sa
ry

 to
 b

ui
ld

 s
us

ta
in

ab
ly

 
an

d 
ef

fic
ie

nt
ly

.  
A

s 
de

ve
lo

pm
en

t c
on

tin
ue

s,
 th

e 
de

m
an

d 
fo

r 
m

at
er

ia
ls

 w
ill

 o
nl

y 
co

nt
in

ue
 to

 r
is

e,
 th

at
 is

 w
hy

 it
 is

 
im

po
rt

an
t t

o 
lo

ok
 in

to
 re

so
ur

ce
s 

th
at

 c
an

 re
ge

ne
ra

te
 

qu
ic

kl
y 

or
 b

e 
re

us
ed

 a
ft

er
 th

ei
r 

in
te

nd
ed

 li
fe

 c
yc

le
.  

Pl
ea

se
 

jo
in

 u
s 

on
 a

 to
ur

 o
f o

ur
 e

co
-f

ri
en

dl
y 

ho
m

e.

O
ve

rv
ie

w
 

O
ne

 s
ta

nd
ar

d 
fo

r m
ea

su
ri

ng
 th

e 
en

vi
ro

nm
en

ta
l i

m
pa

ct
 a

 
ho

us
e 

w
ill

 h
av

e 
on

 it
s 

en
vi

ro
nm

en
t i

s 
th

e 
LE

ED
 s

ta
nd

ar
ds

 
se

t f
or

th
 b

y 
th

e 
U

ni
te

d 
St

at
es

 G
re

en
 b

ui
ld

in
g 

Co
un

ci
l 

(U
SG

BC
). 

 T
he

re
 a

re
 s

ev
er

al
 le

ve
ls

 o
f L

EE
D

 c
er

tif
ic

at
io

n,
 

ea
ch

 is
 b

as
ed

 o
n 

th
e 

am
ou

nt
 o

f m
ea

su
re

s 
in

 p
la

ce
 in

 a
 

ho
us

eh
ol

d.
LE

ED
 is

 in
co

rp
or

at
ed

 e
ar

ly
 o

n 
in

 a
 c

on
st

ru
ct

io
n 

pr
oj

ec
t.

  
D

ur
in

g 
th

e 
de

si
gn

 p
ro

ce
ss

, d
es

ig
ne

rs
 w

or
k 

w
ith

 L
EE

D
 

ce
rt

ifi
ed

 te
ch

ni
ci

an
s 

an
d 

di
sc

us
s 

ho
w

 to
 in

co
rp

or
at

e 
en

vi
ro

nm
en

ta
lly

 fr
ie

nd
ly

 m
ea

su
re

s 
in

to
 a

 b
ui

ld
in
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