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Expeditionary Energy Office (E?O)

 Commandant’s Vision: “Be the premier, self-
- sufficient expeditionary force, instilled with an ethos,
f that efficient use of vital resources equate to
 increased combat effectiveness.”

=+ Reduce Fuel/Water Moved Around the Battlefield

 ExFOB
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* Micropower Optimization Tool
— Developed at NREL

* Now privately owned

— Simulation of micropower systems

— Optimization driven by cost analysis
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Schematic Diagram Solution Space

Eaquipmenttoconsider [ AadRemove
‘ Thiz table displays the walues of each optimization variable. HOMER builds the search space, or set of
| — ’l all pozzible syztem configurations, from this table and then simulates the configurations and zorts them
. @ | = by et present cozt. Y'ou can add and remove values in this table o in the Sizez to Conzider table in the
° . appropriate input window.
| Frimary Load
| 50 kwihAd s Hald the pointer over an element name or click Help for more information,
! .8 KW peak
Driezel Generic ks Py G1 G3 Dl B atteries Converter [«
A e et
‘ ' | | I]JIIIIIIEI i i | ]nun i [ ]nnn
4 = 1 . ] _
Corverter i 2 1.000 1 1 8.00 4 2.00
attery 3 2.000 2 2 g 4.00
AC DC 4 4.000 3 3 12 2.00
Resources —— (Other ———— 5 B.000 4 24
] | Solar rezource &,l E conomics G 12.000 48
. 7 16.000 96
| YWind resource @l [aeneratar cantral a 178
Diezel Ql Caonstraints 3
10 |
Awerage primarny load: A0 kWwihd
Peak primary load: T.79 kW Help Cancel | ak I
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* Thesis Question: Can HOMER be utilized as a
pre-deployment tool to meet the Marine Corps’
need to evaluate power solutions for unique
locations?

NP ﬂfftrltal @
mp uter
| ENGINEERING 6

Neontoray, Califprn WWW.NPS.EDU




‘_ NAVAL

oy’ POSTGRADUATE
¢/  scHoOL

Company Power Profile
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Controlled Experiments

|
|
e
1
Z2

Two Experiments

Objectives:

— Measure power

— on campus

production over one month and

compare HOM|

— Calibrate HOME

system.
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Grid-tied-PV system
— 11.48kW PV
— Pacific Gas &Electric

* Wind-PV system
— 60 W PV panel (Powerfilm)
— 50 W PV panel (Kyocera)
— 400 W wind turbine (AirX)F |
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e Period — Apr2 —May 1, 2010
* Equipment — (56) Kyocera 205W panels

: (3) SunnyBoy SB3800U Inverters
- Assembled in 2006.

“u * System Rated Power — 11.48kW

.~ * Measured Energy:
1 — 1270 kWh for the month
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Critical
Variables
: Azimuth 231 degrees
/ gl S 15d
| Primary Load 1 ope €erees
. 23 kwh/d E
: 15 kW peak == Temp Effects lgnhored
7 .
: Economics lgnored
i Converter
':* AC DC Solar Resource NASA (monthly avg)
w4
oy Converter Eff. 94.5%
\
‘l‘ Derating Factor 80%
E
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PV Usable Energy| Accuracy
| (kWh)

Measured Data 1270

OMER Model 1612

* Possible Sources of Inaccuracy:

— Temperature Effects
— Solar Irradiance Estimates

— Performance of System
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Grid-tied-PV

Kyocera KD205GX Data Sheet
Homer Inputs:

\‘ 8 |BRADIAMNCE; AM1E, 1kW/ m?
J ]
: E AN
‘ [v Consider effect of temperature \ \'5 ) ]
~ \ | 2s¢C
Temperature coeff. of power (2/°C) | 092 {.} z Aol |
E Ll
Nominal operating cell temp. [°C) 43 {} - ',I IIII I'|
e - | 5 Lo
Efficiency at std. test conditions (%) 16 I
o || |I II
L
1 L
R
0 { I|
(] 10 20 a0
Violtage (V)
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PV Usable Energy| Accuracy
(kWh)
Measured Data 1270
HOMER Model 1612 +27%
Add Temp Effects
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HOMER Estimated Solar Irradiance Actual Solar Irradiance
1000 T r 1000 T T r r r r T T
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800 - y 800 - y
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0 r r 0 r r r r r r r
0 50 100 1t 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
First Six Days (1 hr intervals) First Six Days (2 min intervals)

bal B
5 0

“4 Compare HOMER'’s Estimated Irradiance to Actual Irradiance:

HOMER is 9% Higher.
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PV Usable Energy| Accuracy
(kWh)
Measured Data 1270
HOMER Model 1612 +27%
Add Temp Effects 1539 +21%
Add True
Solar Irradiance
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Derating Factor (DF) in HOMER

— Accounts for:
S * Dust on the panels
&= » Wiring losses
 Deviation from optimal power point

— Default: 80%

# Precise Calibration — Vary DF
'\ — Outcome: 68.5%
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PV Usable Energy| Accuracy
(kWh)

Measured Data 1270

HOMER Model 1612 +27%
Add Temp Effects 1539 +21%
Add True

Solar Irradiance 1483 +17%

ary Derating Factor
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Experimental Forward Operating Base (ExXFOB)
“Simulate forward deployed force energy and
. water demands and to test and evaluate
alternative solutions to meet their needs.”

- Demand Reduction

wi - Alternative Power
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Selected Power Equipment

W PowerShade Solar Field Shelter ZeroBase Energy Regenerator

=

= '»:}-:ZZW 1
=7

NEST Solar Light Trailer

— v
m
mn

5 2y

"
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' COMPANY EQUIPMENT

Rated Pwr No. of Panels Pwr/System No. of Systems Pwr/Company

PowerShade 1 kW 1 1 kw 2 2 kW

GREENS 200 W 8 1.6 kW 3 4.8 kW
: ZeroBase 240 W 5 1.2 kW 3 3.6 kW

NEST 175 W 4 7 kW 10 7 kW

- Total  17.4 kW

7

1’\

b |

b
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United States Photovoltaic Solar Resource : Flat Plate Tilted at Latitude _
Selection:
March
|
Quanitco,
| Virginia
o “K\’ l THE BAHAMAS
b}
¢ @ T i i
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Demonstration: May

Morocco
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Data description
modules that are opbmally nclined 10 Maximise yearly electncity yiekds The same Color scale
mmmmwmwunw_.mmwmﬂmm
rato 0.75. Y

by the Heliosal-2 method For renewable energy apphcations. the database was further processed
and enhanced sed

spatally
online from the web sdes indicated below
Spatial cel size (enhanced by terra): 2 km x 2 km
Time representation: average of the period 1985-2004
Map projection: Lambert azmuthal equal area, WGS 84, latitude 0°, longiude 18° East
Ancillary data
» GISCO database © Eurostat 2007
mammmmv/mwm)

' Cey population © Thomas Biinkhot 2007 (hep ww citypopulatn de)
Hote deineation
Authors

Marcel San’ vmc.o-uuu Thomas Huld'. Ewan D. Duniop'
Lucen Waid". Michel

w
| TP450 121027 opra (VA oty

8P 207, 0090¢ France
* instiute of Geography. Slovak Academy of Scwrces. Stiasova 49, 814 7 Apethon g

Edted by. European Commission. Jont Research Centre, Institute for Energy, Renewable Energes Unit
Logal Nosce:

any
5 resgomsiie for the use Which mght be made of ths publicaton

PVGIS © European Communiies, 2001-2008
HeloCiim-1 © Ecole des Mines de Paris/Armines’CNRS, 2001-2008

hitpilire jrc e org/ is.com! P, w w0 io0mm

Yearly sum of global irradiation incident on optimally. modules iy e fn - oe 2000 2200 200 2200 3000

2 2 2 oaus
Yoary sumof solr sty genraed by 1K system it ptimlyincined equator rented Ll
photovoltaic modules and system performance ratio @0 1080 1200 1% 1500 e 1900 1550 21000 o
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Deployment: Afghanistan

Global Horizontal

October Solar Radiation

o N Annual

kWh/m?day
[ B

Il 85-90
BN Il 80-85
Il 75-80
Il 70-75
Ples5-7.0
I e60-65

3N

55-6.0

NANGARHAR
50-55

WARDAK II I
‘@ 45-5.0

BN 40-45

35-40

30-35

33°N

25-3.0
Kandahar 20-25
KANDAHAR -2

HILMAND

Helmand —— / B
PrOVince \L—A\M 0 85 170 3:10

Kilometers

N

Wit Model estimates of monthly average daily total radiation, averaged from Iy T Y sAl D

i hourly estimates of direct normal irradiance over 3.5 years WIS rom e AverICAN PEOPLE
\ (April 2002 - September 2005). -
The model inputs are hourly visible irradiance from the Metiosat &

geostationary satellite, and monthly average aerosol optical depth, @~ =1

precipitable water vapor, and ozone sampled at a 10km resolution. "Q ," hl?:—
WGS 84 A

63°E 66°E 69°E 72°E 75°E February 2007
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i
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L @29
A
£

4 Pen
h‘

Combine All 4 Systems
=, > 5| - Slope 0°
MEP-8 Ptga;%ﬁ?g1 No T Eff
15 kKW peak i' - No femp .e.CtS
PV - Inverter Efficiency (90%)
[ »
MEP-803 Converter \ /
AC DC Y
= LOW BOUND
~ ExFOB Results
Quantico (kWh) Morocco (kWh) Afghanistan (kWh)
PV Combined 1645 2074 1984
Percent of Load 19% 24% 23%
NP Sefifider
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- Model Each PV System Separately:

Inverter
Slope Temp Effects Efficiency

Solar Shade 0° N Default

GREENS 30° Y 92%
ZeroBase  45° N Default
NEST  55° N Default
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ExXFOB Results

Quantico (kWh) Morocco (kWh) Afghanistan (kWh)

| PV Combined 1645 2074 1984

Percent of Load 19% 24% 23%
Individual

Solar Shade 191 223 240

GREENS 671 726 769

ZeroBase 430 449 501

NEST 822 839 940

2114 2272 2484
Percent of Load 24% 26% 29%
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EXFOB Results
Afghanistan (kWh)
PV Combined 1984
Why Does It Matter? Percent of Load 23%
23% vs 29% of the Monthly Ld? | Individual
Solar Shade 240
F ue I GREENS 769
/eroBase 501
NEST 940
2484
Percent of Load 29%
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Method Fuel (L)

23% 3402 8.2%Increase in Fuel Demand

29% 3145

-Reduction in fuel demand = reduction in risk of IED

-Critical Information to Logisticians and Cost Estimators
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« HOMER should be utilized as a
pre-deployment tool

— Calibration 1s the key

» Effective use of HOMER throughout the
" ExFOB process could have contributed to a
M more effective evaluation of equipment
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Questions?
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