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Mission Statement:
Reduce energy waste in Duke
dormitories




Approach




Fenestration Analysis
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Heat Conduction

Q conduction— UAAT

Assumptions:

Double-paned, regular emissivity windows
with air between panes

U, .ss (Provided by manufacturer) accounts for

both conductance and radiation



Air Leakage |\ "l

Q hﬂfﬂf't IH AT

Assumptions:
Steady, incompressible flow of air

Frictional losses are negligible

Weather tape reduces energy
losses by 20%



Solar Heat Gain
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Assumptions:

Extrapolated weather data is
accurate

No losses due to shading

Only August insolation considered 7



Solar Analysis "2 N R E L
Monthly solar electricity =%

NATIONAL REMEWABLE ENERGY LABORATORY

generated calculated by:

NREL's System Advisor
Model (SAM)

RDU weather data

Heat gained by thermal.

GA weather data



rSystem Sizing
Specify desired array size © Specify modules and inverters
Desired array size Modules per string
DC to AC ratio . Strings in parallel
Number of inverters

~Configuration at Reference Conditions

Modul | rt
odules nverters Sizing messages (see Help for details):

Nameplate capacity 4.681 kWdc Total capacity 3.800 kWac Actual DC to AC ratio is 1.23.

Number of modules 24 Total capacity 3.928 kWdc
Modules per string 8 Number of inverters 1
Strings in parallel 3 Maximum DC voltage 600.0 Vdc
Total module area 30.6 m? Minimum MPPT voltage 250.0 Vde
String Voo 3635V Maximum MPPT voltage 480.0 Vde ~ 'onage and capacly ratings are at modue
String Vmp 2955V  Battery maximum power 0.000 kWdec  Page.

~Orientation

Array type Fixed roof mount ﬁ

Tilt 26 degrees
Azimuth 160 degrees

Ground coverage ratio 0.4




Solar Analysis

Efficiencies
15% efficiency of PV
35% efficiency of thermal

0.5% electrical output loss per 1°C

Assumptions

100% efficiency in electricity
transformation

100% efficiency of heat transfer
through piping

1
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Results
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Fenestration Results
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GA Cooling Energy Use due to Fenestration
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Annual energy saved from

fenestration retrofit:

45,000 kWh
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Solar Results
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Viability Testing
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Fenestration Viability Testing

Actual energy use summer 2016 (kBtu) 1,670,000
% Energy loss due to fenestration

Energy saved from fenestration retrofit

over the summer (kBtu) 153,000
Energy saved from fenestration retrofit

over the summer (kWh) 45,000

% Energy saved
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Film Testing

VOLTAGE AS A
FUNCTION OF NUMBER
OF FILMS, PX-7060
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Solar Viability Testing

Electricity Generated by Solar Panels Total Energy
B SAM  m Insolation Model PrOdUCtion

Insolation Model
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Economic Impact

Annual energy saved from fenestration retrofit 45,000 kWh
Money Saved $3,350
Total cost $21,340

# of years to break even

Annual energy saved from solar

retrofit 15,700 kWh
NMAnns CAavinAd c1 HNN
1IVIVUI IUy JAVOU ’\)IJ 1,V
T Aadtal At N 7NN

I Uldl CUSL Yo, Uu

# of years to break even
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Greenhouse gas emissions from

7.4

Passenger

vehicles
driven for one ™"

year

CO; emissions from

3,938

gallons of
gasoline A

T TT—

0.009

Wind turbines
installed

Environmental Impact

83,879

Miles driven
by an average
passenger
vehicle

37,346

Pounds of coal
burned

5.2

homes'
electricity use
for one year

Ialoq

-or- Y
o oo

1.1

Tons of waste
recycled
instead of
landfilled

0.463

tanker trucks'
worth of
gasoline

0.186

railcars' worth

A

1.6

Garbage
trucks of
waste recycled
instead of
landfilled

3.7

homes' energy
use for one
year

1,241

Incandescent
lamps switched

to LEDs
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Next Steps

Recalculating results with regular PV panels instead of
the overly sophisticated PV/T

Expand fenestration model to include winter for more
accurate approximation of annual energy savings

Sharing findings with Facilities Management to assess
implementation feasibility
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