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Overview

» Benefits of solar

» Evaluating/optimizing loads
» Designing the system

» Modifying equipment

» Building the system

> Battery Technologies

» Conclusions



= No electrician charges

S— Cost Benefits of Solar
" The price of solar has dropped
from S76/watt in 1977 to
S0.57/watt in 2015
One time cost (mostly)

|l No utility installation charges
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Feel good benefits

v Itis “green”

v’ Life Cycle GHG lower than coal,
nuclear or wind (NREL)

v -.Panels produced in China require
more carbon @ but are cheaper

v' - Some panel manufacturers ranked
in top environmentally friendly
companies

http://www.nrel.gov/docs/fy130sti/56487.pdf
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Evaluating Loads s

“u Solar/Battery still expensive

" Modify devices to use less power

" Good measurements required for
calculating power requirements

" Logging the load helps to better
understand kWh, esp. for equipment
that cycles (heating, valves, etc)

= Minimize heating/cooling demands by

reducing enclosure size




Modifying devices

(1 Consider devices that operate directly on
DC. If they use an AC-DC power supply,
eliminate it

d Consider environmental requirements. If
cooling or heating is necessary, choose
instruments that have wider operating

ranges

J Modify pumps to run on DC if possible

d Insulate areas that have active heating
like benches, etc

A

A



Calculating requirements

» Once kWh of loads is known, you can
calculate size of solar and battery
systems

» Use an online calculator for best accuracy

» Calculators take into account charging
efficiencies, hours of sunlight available,
etc

> https://www.altestore.com/store/calcula
tors/off grid calculator/

» Campbell Scientific offers spreadsheet
with loads for their devices
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https://www.altestore.com/store/calculators/off_grid_calculator/

Example, powering a cellular
modem

Measures 450 mA on average at 13.8
VDC, so 6 watts

e Total daily load is 0.144 kWh

e Make worst case assumptions.
Coldest battery temp, longest time
without sun

e Battery size for 12V =92 A/h
 Solar panel size = 46W
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YOUR MFORMATION .
Used i you optionally choose to seve your caloulstor for rber pse AIt_E Off_grld
Mame:  [EPA Test |

| calculator
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gttery Bank 5izing

This calouletar will help you sine the battery bank for your systermn.

STEP ¥

Your Dnily Energy Usage
Wit Hours par Dy (150 |

Thix wilue & sy pristed o0 jour slectnic bill. Tike jour monthiy kiowid-hour usioe | =
from your elactevc bl Oad dhiide it by 30 to get your iy bitowoer-hour usdoe. Since it's |
in kiowarr (1000 of witty) poo/ 1T mesd to multiply thoe number by 1000 to gat the

number irto wiitt-hoors, 1 pow dont hive § bl or don't know your consumption, pleges | -
e o Load Caloulebor togo Heough e shmps i determine s wilue

I5 your enengy wiige too kgh? Don 't desplir. our keowisdgeihles ghi=c fole oon kdp}w]ﬁ-ﬂtﬂup;mﬂ!
solutions. Platse ooll 15 todl fe= 02 BOD-320-5514
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STEP 2
Howr Many Days Should Your System Run without Sun?

Here: many deys of backup power do you wert in case of cloudyfrainy deys?
{vwhen your solar panels will produce itte enesgy)
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STER 3
Adjust the Bfectine Capecity of Your Betbery Bank Due to Low Temperstones

Whet i the lowest temperatune your bettery bank will experience?

[226 170 | Degrees

RESLATS:

Besthery Bimnike T pacity: 109E weatt hours.
Select s huﬂ::r.-hhﬂmg_-:

Yd mmgp haues

11 emp hours per string

ot All coicdttions Doume oty 0 505 dischinge to your hiferies to ophmize botery Life.
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Solar Panel and Solar Charge Controller Sizing
This caloulstor helps you size the solar panel(s) and charge controliensh pesded for your system.

ST &

You nesd to d=termine the avensge number of un-howrs per dey during the leact cunniest momth of the year
(ot the whole yesr),

Select the StteCity Closest to your locstian (curnemtly only US states s provided)

C0 - Boulder

Manunlly emter the avemge sun-hours for your loostion.

You cir wse this warld map of solar insclaticn velo=s fo deteymine G estimbre
of sur-hours for pour (oottion.
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STER 2
Sizing Your Solar Panel Power Needed

The total wattege of Solar Panels thet pou nesd is:

hsa | Wamt=, e o5

This valuetakes into sccoont kosses due to system insfidencies.
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STEP 3
Determine Hovw Many Sclar Panels You Mexd in Your Ay

Hirar many soler panels do you ne=d? Thet depends an the pared you dhoose.
Salact the wttsge of the panel your intarestad in, and es the resules below:
52 o o per penet

Youwillneed[] | ponelsfor stotslof[50 | weess

w the colar panel thi fiis your Azeds.

Sizing your Solar Change Comtroller

You will naed 2 m:mkﬂlﬂcunmhzlum

%&\!ﬂ:{n’r saler charge cortroller SWE B youwr needs

Sizing & charge cantroller can be complex, the shove answer i 8 conservative estimete. Please feel free to call
5 ta find & more acoursts fit for your needs.

Mo that you have sized up the system that fits your needs, call owr Kncwledgeable Sales Folks ot
B00-320-9514 and bet them help you find the exact products for your system.

B 200S - M6 aitE Store, Inc. - wwwoabtEstoere com



Campbell Scientific Power

Budget Spreadsheet

Loads

Power Budget Calculator

Steps

Select Devices ~ |% of Total 1.Select loads
CR1000 - 3 Program Interval Storage  Reserve Charging Source 2 Adjust Program Intervals
| CR1000KD Active |+ Scan  ~ |[Comms ~ |Battery ~ |Desired ~ Equiv. ~ |Solar ~ 3.Size Battery for Resere
'9550'54; =] v Interval Interval Size Backup Sun Panel 4 Enter Sun Hours for area
|HMP45C4 Continuol 7 Hours 5.Size Solar panel
[None Selected | 100 v|eteo v |ps100 v |3 ¥ 4 v [14014 A v
RavenxTg |- 89 T " : 22
| Mone Selected |l Seconds | Hours ~ |Amp Hours | Days M| H_D_urs,r'd_ay (¥ Watts
| None Selected |- | E3
|Mone Selected | w

[ : Batt Size: Daily Load 1.61] Amp Hours Discharge

e QK Daily Solar 5.20) Amp Hours Charging

hd
= Panel Size:
: 55.9 OK Rev.  B8/5/2016
mAmps
23%

14 Day Storm Simulation:
Battery Reserve with (orange) and without (green) Solar Panel
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Example of power requirements for a Teledyne-API
400e with factory AC pump vs aftermarket DC pump

Teledyne-API 400E w/ 1ZS

AC pump DC pump
|Power Draw 94 Watt 37 Watt
|Battery Bank Req'd 1376 A/h at 12V |542 A/h at 12V
Solar Req'd 698 Watts 275 Watts
Cost batt/solar S5,621 $2,409

This is battery and solar difference only! Shipping,
cooling, support equip, etc. compound these costs

Sensidyne DC pump on factory plate.
Pump cost is ~ $250 and lasts ~ 1
year. Disposable
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ries = Lithium P

Foled ebalancmg chargers

' qwre battery management
S

- Verydangerous, shoulc
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Batteries — Lithium Iron
Phosphate

- High Energy density
Very low voltage discharge curve
Very safe operation—can’t run away

- Most of A/H capacity is useable

Weight is ~ 25% of comparable Pb

system




MPPT vs. PWM

- Panels in Series configuration, eliminates need
for junction

- Higher'voltage allows charging earlier/later in
day

- [Controller often moreexpensive
- | Often network ready for remote monitoring
- Higher voltages (>/100VDC) on system wires

can add danger, use signage




Examples of ARS solar projects

Portable Ozone Monitor

Hiawatha Gas Field,
Wyoming

Trailer mounted PM monitor



Conclusions

- Utilize solar vendors when
choosing components. They will
help for free

- Optimize loads and environment
before sizing components

- Shop around, scour the internet
for ideas
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