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Executive Summary

Santo Domingo is developingcommunitylocatedin Panamaés Chagr es, Nati onal
where thee is no electric power griand solar power is the only viable source of energy
Northwestern chapter of Engineers for a Sustainable World (ESN\has been

involved with development projects in the community for the past two yéarnsently,

there is a solapowered charging station in the community, where community members

can charge car batteries to provide electricity to their homes. Unfortunately, this system is
inconvenient and provides tihelativelyfew battery owners ithe communitywith

inconsistent electricityThe objective of the ESW House Electrification Project is to

provide fourteen households in Santo Domingo with equal amounts of daily electricity

while remaining within budget constraints.

Our design must address issues reledezfjuality among household=asy installation,
operation, and maintenand®midget constraintslurability and reliability upgradeability
safety and environmental and social sustainabilityorder to achieve these goals, we
propose the implementatiarf solar electric systes Theproposedsystens will support
DC loads and requirgtandard solar electric components includgotar paned, charge
controlless, andbatteres.

Santo Domingd s u | t iisa €aeh hopetcahkve its owrsolar electricsystem
becausendividual solar electric systemll provide each home with the desired amount
of electricity With individual home systems, each household independently generates
electricity and is responsible for the upkeep of the system. Indepeypdehsareideal

but expensive to implement

If Santo Domingas unable to secure sufficient funding for these systémescommunity
can implement charging stations, whrelguire multiple houses to share a single solar
panel.With our design, a chargirgjationcan provide two to four houses with electricity.
As thenumberof houses supported by a chagystation increases, the cedecrease,
butthe electritty provided to each homasodecreaseslhe charging stations are
designed to be upgraal@eto individual home systems, if additional funding is available
at a later date.

A cabinet is necessary to protect the battery and charge controller and to ensure the safety
of the users. The indoor cabinet is located inside each household and contaattetlye
andthecharge controllerThe outdoor cabinés used af charging station, and can be

located either on theutside of a house or in a separate structure on which the solar panel

IS mounted.

The future steps for Santo Domingo include secufimgling andselecting and
implementinghe appropriate systemypefor the communityWith theknowledge and
experience gained through this projgEEW-NU will be able to improve conditions in
numerous other developing communities around the world.
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Introduction

The Community of Santo Domingo and ESW-NU

Santo Domingo is a rural community in the Colén Province of Panaheag the
Northwestern chapter of Engineers for a Sustainable World (ES\\has been
involved with community development projecigith a populatiorof 70,the small town
is situated in Chagres National Park near the Chagres River basin. The community
supports itself by raising livestock and farming subsistence agrictiE8&-NU has
been involved in lifestyle improvement projects in toenxmunity fa the past two years
by installing solar panels to power ranch fendé® community church, artitie local
schoolhouse and its charging station

Solar power provides the only viable source of energy for the community since no nearby
electricity grids exis Currently, all electricity in Santo Domingo is generated by solar
panels afive ranchespne60-Wattand one 78Nattsolar panels at the schoolhouse, and
one60-Watt solar panel at the chin€ The centrallylocated schoolhouse contains a
charging staon that will fully charge a car battery over approximately three days to be
subsequently used for approximately 14 days. poablemsexistwith this setup:

1) Only five households in Santo Domingo own batteries

2) Most usersnustcarry a heavy car battery @va half mileon footfrom their

houses to the school

3) Batteries do not provide the homes with continuous power.

4) Batteries and wiring afeft exposed inside the homes
Currently,Santo Domingaloes not have the economic, organizational, or material
resouces tosolve these problemsit this time, the community needs a solution that can
provide reliable solar electrigito fourteen houses

Objectives

The objective of the ESW House Electrification Project is to provide fourteen households
in Santo Doming with equal amounts of daily electricity while remaining within budget
constraintsThe ultimate goal is to provide each house with an indepesd&ntelectric
systemWe will presentour designs t&ESW-NU at the end of this quartaheywill

begin impementation in the summer of 2008.

ESWANU is working withACOCHA (Asociacion Comunitaria Para el Manejo
Participativo del Parque Chagyesnon-profit group in Panama, to find funding for the
project. ACOCHA, acting on behalf of Santo Domind@sfound partial, conditional
funding for the project. The Panamangovernment agreed to match any outside
funding that the communitgcquiresup toan amount of $7,515.8The total maximum
funding available under this program is $1%HL.60. (SeeAppendixA for a more

' IDEA 298/398- Team Solar Recharge (@6). AverageRancherincome Wealth & Expenditures
2 Asthana, A et al(2006. Final Report Panama Projecbecember 2006
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detailed explanationlh order to addresbhesefinancial limitations, wegenerated a range
of optionsto implemenif full funding is not obtained



Solar Electric System Design

Design Requirements

Our design is intended for the people of Sdmingo, as thewre responsible for the
operation, maintenance, and repair ofsbkar electricsystens. The desigmmust also be
clearly understood by ES\MU and ACOCHAbecaus¢he members will be installing
the first few systemm Santo Domingo

We need to consider theocial, financial, environmental, and physical limitatiohs
providing electricity to the fourteen househol@ie designmmust ensure that the system:

- provides each household with an equal amount of electricity

- is easy to install, opetg and maintain

- remains within budget constraints

- is durable and reliable

- is upgradeable

- is safe tooperate andhaintain within a household setting

- minimizes environmental impanvironmental sustainaiby )

- facilitates independent operati¢gocial sutainability)

Report Preview

The goal of this report is to explain our project design. We will achieve this by first
briefly descriling the equipment needed to successfully meetiésggnrequirements
Next, we will present the individual home systbaiae offering some alternatives for
system implementation. We will then explain our desifjthe cabinets which house the
electrical components. Finally, we will show the steps HSWand Santo Domingo
need to take in the coming months in order to effelstiveplementthe design.



Solar Electric System

Our design utilizes the typical elements of a solar electric system, as illustr&igdra

1. A typical systentonsists of @hotovoltaicarray (solar panel), charge controller,
battery, inverter, antbads In order to reduce costs and power consumptiansystem
will be limited to DC (direct current) loadthereby eliminating the need for an inverter.
Though the configuration of the components is standardized, the siziogmpboents
requires further calculations/hich will be discussed later in the report.

aCLoad

Figure 1: Typical solar electric gsten

Tablel briefly explainse a ¢ h ¢ o niynctionén m$oldrselectriccystem A more
thorough explanation can be foundAppendixB.

Tablel. Solar electrc system components and their functions

Component Function

PhotovoltaiqPV) Array Convers sunlight to electricity

Charge Controller Regulats current from PV array to battery afrdm
battery toload

Battery Stores electricalreergy

Load (Appliances) Uses electricity to serve users

3Sun, N. W. S. (March 16, 2008). Typical PV Systenttp://www.malignani.ud.it/WebEnis/NorthWird
SouthSun/power/images/pvsystentgif



Individual Home Systems

The ultimate goal of this project is to provide a solar electric sykiegachhouse With

individual home systemsaeh householthdependentlygenerateelectricity ands

responsible for the upkeep of the systémependent systems will provide each home

with the desired amount efectricalpower.However, this configuration ixpensie to

implement. If the community is unable to secure sufficient funfinghdividual home
systemsatthistime al ternative options are described
report.

In this configuration each housewnsa solar panel, charg®ntroller,battery and DC
loads (appliancesYhe components are configur@deach households shown irFigure
2.

// //
/ Solar panel
/ /
/ /
/ /

/
/ Charge controller

N\

DC loads

Battery

Figure 2: Components of individual home systems

Expected Electrical Loads for Individual Home System

In order to design an appropriately sized system, our éeaounted fothe projected
electrical load per houseA base set of appliances and-play usages were defined as
the projected electrical load (s€able2). This base set waketerminedrom information
collected directly from the user groupSanto Domingauringhousehold surveyis
December 200{see AppendixC for trip report section on appliances)



Table2: Projected éectical loads per louse

Description Watts X Hrs/day = Wh/day
LED Light 5 X 4 = 20.0
LED Light 5 X 4 = 20.0
LED Light 5 X 4 = 200
LED Light 5 X 4 = 20.0
Radio 2 X 4 = 8.0
Black and white TV 12 X 4 = 48.0

Total Wh/day 136.0
The projected electrical loas derived fronfour LED lights, a radio, and a 1iaich DC
TV each running for four hougserday. The energy consumption is 136 \Aradtirs per
day and represents the maximarpected load. Other appliances may be used and
runtimes mayary provided that total daily appliance use does not exceed 136 Watt
hours. For a more detailed explanation of the calculation method, see Appendix

We recommendED lightsbecause compared traditional incandescent lights or CFLs
(compact fluorescent lightstheyhave longr life spans and better power efficiencibs.
addition, LED lights can be disposed of safédy_.ED lights are not available in Santo
Domingo,thefour 5W LED light bulbscan be substitutelly two 16-Watt CFL bulbs
which canbesupported by the systeior 3.1 hourseachper day.See AppendiE for a
more detailedomparison among LED lights, incandescent lights, and CFLs.

Recommended Components for Individual Home System

To operate the above appliances, each individual home sgsteaselectrical
components wih the following specifications (see Table Sie AppendiX for detailed
calculations.

Table3: Component specifications for individl home system

Component RecommendedSpecifications

Photovoltaic (PV) Array | Wattage 60 Watts

Charge Controller Operating current3.4 Amps or at least that of PV
array

Battery Capacity:42 Ah

Appliances 12V DC

Table4 containsexamples of electrical components that satisfy the specifications above.
Theprices andavdlability of these components fBanto Domingdave not been

confirmed Components witltapacitiesloseto the recommended specifications will

allow for a moe efficient system.



Table4. Example components for individual home system

Component| Manufacturer | Model | Specifications | Dimensions| Weight | Cost
Solar Panel | Kyocera KC- | Maximum 751 x 652 x| 6.0kg | $417
65T power: 65W | 46 mm
Maximum
current 3.75
Charge Morningstar | SHS6 | Current6 A [ 15.1x6.6x | 113 g | $49
Controller 3.6 cm
Battery Universal UB- Battery type: | 238 x 140x|38.51b | $174
Battery 22NF | GelDeep 235 mm (17.5
GEL | Cycle kg)
Capacity: 60
Ah
Total: | $635

* Northern Arizona Wind & Sun kttp://store.solaglectric.com/kykc65wasomo.html
® Affordable Solar &ttp://www.affordable

solar.com/Morningstar.SHS.6.12V.Solar.Charge.Controlleehtm

® Creative Energy Technologies Inchttp://www.cetsolar.com/PDF/UBNF.pdf
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Alternatives: Charging Stations

In order to accommodathe uncertaintyof the awailable fundingor this projectwe have
designedtharging stationsyhich arelower-cost alternativeto the individual home
system.Thecharging stations cgrovidetwo to fourhouseswith electricity As the
numberof houses supported by a chargstgtion increases, the cost decreatbes
electrical capacitgecreasesandthewalking time increasegseeTableb).

Table5: Summary ofrade-offs among alternatives

Tradeoffs Individual 2-house 3-house 4-house
home system system system system

Cost per housé $635 $583 $488 $440

Electrical 136 Wh 86 Wh 58 Wh 43 Wh

capacity

Walking Time 0 min 2 min 4 min 5 min

* Costs only include solgranel, charge controller, and battery, and exclude appliances,
wires, and materials for installation.

Not only do these alternatives provide flexibility for the commurutitthey can also act

as a means for Santo Domingo to appeal for more furtdscommunitywill be able to

show that with less funding, they sacrif@eailability of electricityand convenienc&he
ASupported El ectrical L odasdriben Oatail thefalailable nat i v e s
electricity forthese alternates.

Concept of Charging Stations

Charging stations require multiple houses to share a single solar Haeehre less
expensive than individual home systelnesause they reduce the required number of
solar panels, the most costly componerthefsolar electric systenfor this project, a
chargng station would consist of a solar paaeld a charge controller. The solar panel
will be mounted on either an existing house or a separate structure.

Each house will own a batterycharge controller, and appliances. Thadrg will be
transported between the house and the charging stafnilie the charge controller will
remain at the house

We generated three alternatives to the individual home system. They arbdhee2
systemthe 3-house system, arile4-house sgtem. Thenomenclaturéndicates the
number of houses sharing a solar panel Fsgere3-Figure5b.)

@%%%

T -1
F,’}ﬁ:’ﬁ "{
AR

Figure 3: 2-house system
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Figure 5: 4-house system

Santo Domingo will need to group the houbased orthe most apmpriate social and
geographical configuratiofror example, households consisting of relatives may want to
share a system. On the other hand, the households need to be in the proximity of a
charging station to reduce walking distandeghe 3 and 4house systemshe fourteen
houses do ndlivide evenlyinto groups of three and four. In these casesetti@houses
will form their own group.

Figure6 shows a detailed view of the®duse systeneach house ovaa battery, a

charge controller, and appliances. The spare battery and charge controller will be
discussed subsequently.
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Spare battery and
: charge controller

/ N/

v v

Figure 6: Detailed View of a 3House System

Solar Panel Mounting: Separate Structure vs. House

Thesolar panefor a charging station can Ineounted on either an existing house or a
separate structurdlthoughanindependent structuentailsadditional materiabhnd
laborcoss, it may pesent fewer socigdroblems

Charging stationswvhetherthey are separate structures or located at a howsepresent
socialconflictsconcerning ownership, upkeep responsibility, and walking distances.
A One house mybecome solely responsible for the maintenance of the charging
station especially if it isdcated on this house
A If chargingstations are located closer to one household, the other households may
resentthe extra walkingOn the other hand, it may cause discomfort to those
living in the houselue to reduced privacy
A A housewith a charging stagin may choose to directly connect their household
system to the paneajaining an unfair advantage over the other households
A If a household chargesbattery out of sequence on the charging station schedule
(see next section), other households would fosg ability to have daily
electricity.
Should theseéssues arise, they will be resolved appropriate P ABYDCHA and Santo
Domingo.

Scheduling

When multiple users charge their respective batteries at a single lotdagicssue of
scheduling arisesSince wo, three, or fouhouseholdgannot charge their baties
simultaneouslythere must be an equitable and efficient methabltlress this issu&o

-13-



provide electricity to a household whiles battery is being charged, we recommend the
use of a sparbattery. Thubousesanhave electricity even after they have jlest the
discharged battery at the charging stat®elow are schedules which alternate charging
timesamongbatteries (se@able6-Table8).

Table6: Proposedchargingscheduledr 2-house system
Days: 1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24

Battery 1 Charge | House 1Discharge | Charge House 2 Discharge
Battery 2 | Hs 1 Disch. | Charge House 2 Discharge Charge | Hs 1 Disch.
Battery 3 House 2 Discharge Charge | House 1 Discharge | Charge

Table7: Proposed charging schedule fathousesystem
Days: 12 3 456 7 8 9 10111213141516 17 18 19 20 21 22 23 24

House 2 Discharge

Battery 1 | Charge | House 1 Discharge | Charge

House 3 Discharge

Battery 2 [Hs 1 Dis.| Charge House 2 Discharge

Battery 3 Rl ERAB Bl House 3 Discharge Charge [Hs 1 Dis.

Charge | House 1 Discharge | Charge

Battery 4 House 3 Discharge

Table8: Proposed charging schedule féhouse system
Days: 1 2 3 456 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24

House 1 | Charge | House 1 Discharge &%l House 2 Discharge

Hs 3 Dis.

House 2 [Hs 1 Dis.| Charge House 2 Discharge

House 2 Discharge House 3 Discharge

House 3

House 3 Discharge House 4 Discharge

House 4 Discharge Charge | House 1 Discharge

Supported Electrical Loads for Alternatives

Thecalculaton of theelectrical loadsvasbased orhe battery weight and charging rate.
The limiting factor in theelectricalload calculationfor the alternativess the weight of

the battery. Weletermined thad person could carry maximum weight of 50 pounds
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betweerthe houseandthe charging statiohThis weight restrictiordimits the battery
capacity to approximately 7@np-hours.

Using the conventional charging ratefaf/20,0 the capacitylimitation significantly
reduceghe charging ratewhich in turnlengthens the charging tim&éhe C/20charging

ratemeans that for maxi mum -amphourcapacitycan, a batt e
charge at current ofC/20 ampsA 72-amphour battery can charge at 3.6 amps.
Charging current= < = 12 =36A
20 20

Since the charging time is the capacity divided by the charging ratdtexy of any size
takes 20 hours to fully chargem 0% to 100%according to the C/20 charging rate

Charging time = C =20hr
%
20
In the case of charging statiotseh ous ehol d cannot wuse the batt
is because with a charging time2tf hoursand4 sun hours per dag Panama (see
AppendixF for explnation of sun hours)he charging timéor the batterys 5 days.
Therefore, here is not sufficient time in the schedule to fully recharge the battary if
householdlischarges the battery completeythough the household can only use a

portionoftheéb at t e r y 0 Ise capaciyisetf cahngt be réduced becaubke
charging ratevould also be reduce@vhich in turn lengthens charging time.

Theb a t t depthyod dischargéthe amount of electricity that can be used before the
battery needs to lrechargedyaries for each alternativé is the greatest for thel®use
system and decreases as more houses are daldélder wordsthe 2house system

allows a household tase the largest portion of the actual battery capaomypared to

the othemlternativesand therefor@ermitsthe highestallowable electrical load per

house Table 9 shows the supported electrical loads for the individual home system and
the three alternatives, with corresponding appliance usage.

Table 9: Supportectlectrical loads for all system designs

Individual 2-house 3-house 4-house
home system system system system
Electrical
capacity for 136 Wh/day 86 Wh/day 58 Wh/day 43 Wh/day
each household
Possible A 4 x 5W lights| A 2 x 5W lights| A 2 x 5W lights| A 2 x 5W lights
appliances and for 4 hours for 3.9 hours| for 2.6 hours| for 4.3 hours
hours of use per| A1l x 2W radio| A1x 12W TV |A1x 12W TV
day for 4 hours for 3.9 hours| for 2.6 hours
Alx12W TV
for 4 hours

" Ergonomic Lift Guide. fttp://www.ohiobwc.com/employer/programs/safety/Ergoliftguidezasp
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Although it provides the ghest amount of electricityhe 2house systens the most
expensiveof all thecharging statiomlternativesThis is because the total number of
solar panels, charge controllers, and battersesl by the communitg the highest for

this alternative. fere is one solar panel for every two houses instead of every three or

four houses. Additionally, there needs to be a spare battery spatecharge controller
for every two house@nstead of every three or foun providedaily electricity to each

household The variation in the number of electrical components and its effect oraost
shown inTablel0.

Table10: Costs and number of components for all system designs

Individual home | 2-house sgtem | 3-house systen] 4-house systen
system

Total A 14 solar panels| A 7 solar panelg A 5 solar panels A 4 solar panels
number of | A 14 charge A21charge |A19charge |A18charge
components controllers controllers controllers controllers
for all 14 A 14 batteries A 21 batteries | A 19 batteries | A 18 batteries
houses
Total cost* $8,890 $8,155 $6,829 $6,166
Cost per
house $635 $583 $488 $440

* Costs do not include appliances, wires, or materials for installation.

We designedor a standardized set of componeifatisthe alternatives (2o 4-house
systems)which makes the system both flexible and upgradedbie battery, charge
controller, and solar panel specifications are the same fonaiging statiomlternatives.
Thus it is relatively easy to move from one lowast alternativea a highescost
alternative(when additional funding is acquirely purchasing additional components of
the same specificationsurthermore, theomponents recommendgat the alternatives
have a slightly higher capacity thanatfor the individual homeystem. This allows for a
smooth transition from any alternative to the preferred configuratierindividual home
system(seeTablel11). The difference in the component specifications comes from the
driving factor ofdesign ckulations(expected loads for individual home systems and
battery weight limit for shared systems) and the component setup (battery connected
continuously for individual home systems and batteries switched for shared sySieens).
AppendixG for completdoad and specification calculations for charging station
alternatives.

Table11l: Componenspecifications for all system designs

Components Individual home Shared system
system (2- to 4-house system

Solar panel 60W 63 W

Charge controller 3.4A 3.6 A

Battery 43 Ah 72 Ah
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Recommended Electrical Components for Alternatives

Table12 contains examples of electrical components that satisfy the specifications above

for charging station systems. The priced awailability of these components in Santo
Domingo have not been confirmed. Components with capacities close to the
recommended specifications will allow for a more efficient system

Table12 Example components foharging staton systen{per house)

Component| Manufacturer | Model | Specifications| Dimensions| Weight | Cost
Solar Panel | Kyocera KC- | Maximum 751 x 652 x| 6.0kg | $417
65T power: 65W | 46 mm
Maximum
current 3.75
Charge Morningstar | SHS6 | Current6 A | 15.1x6.6x |113g | $49
Controller 3.6cm
Battery Universal UB-24 | Battery type: | 276 x 171 x| 53.5|b | $202°
Battery GEL | GelDeep 251 mm (24.3
Cycle kg)
Capacity: 75
Ah at20-hr
rate
Total: | Varies by
alternative
(seeTable
10)

8 Northern Arizona Wind & Sun kttp://store.solaglectric.com/kykc65wasomo.html
° Affordable Solar &ttp://www.affordable

solar.com/Morningstar.SHS.6.128blar.Charge.Controller.htm

10 Creative Energy Technologies Inchtp://www.cetsolar.com/PDF/UB24.pelf
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Cabinet Design

A cabinet is necessary to protect the battery and charge controller from the elements
orderto maintaintheir durability and reliability, and tensure the safety tifie users. We
have designed two types of cabinets: indoor and outdooménirctions on building
these cabinets, see Appendix H.

Indoor Cabinet Design

Theindoorcabinet is located inside each household and contains the battery and charge
controller.The indoor cabinet hdsur main design features @Eigure7-Figure3):

1. hip-height battery box

2. antitipping protruding base

3. child-proof sliding door

4. opening for wiring

. . 3. Child-proof sliding door
1. Hip-height battery box

~

2. Anti-tipping —
protruding base =/

Figure7: Indoor cabine!

4. Opening for wiring

Figure 8: Indoor cabinet (exploded view)
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The height of the battg box is set t®3 cmto maximize the ease of lifting and placing
the 50pound battery. For an average persoh#dcm, the height of the cabinet
corresponds to a height slightly below the hip to minimize the distance between
lifting/placing position anaarrying position of the battery.

Since the heavy battery is located at the top, the center of mass of the cabinet is high,
making it prone to tipping/Ve designed the base ottindoorcabinet to be 10 cm

deeper than the top to prevent tippimpe moslikely direction of tipping is to the front
sincethe depth is shorter than the width of the cabifigping to the front is dangerous
because¢he contents of the cabinet, including treavybattery mayfall out. A small

child in front of a tipping @binet may be severely injurethe protruding base will

ensure that the mass of the cabin#l have to be lifted over a longarc before tipping
(seeFigure9).

—
Point of rotation Point of rotation

Figure 9: Arc path of battery for straight base and protruded base

The door of the battery bax designed to slide upward to lessen the risk of child
tampering. Because the handle of the door is at thét iesmut of reach o& small child.
Even a taller childvho canreach the handiould needto lift the doorstill higherto
openit wide enough to access the contentthefbattery boxXWhen an adult needs to
access the battery and charge controllerskiding door carbe removed and placed
either on top obr beside the cabinet

Wiring is madeaccessible through hole at théop rightcornerof thebackof the battery
box (sedrigure8). The wires run from a connector (that connects to the battery) to the

-19-



charge ontrollerlocated inside the cabinet, through the hole, tecainector (for

multiple appliance use) outside the cahimeid finally to the appliance$his wiring will

be clipped to the inner waltsf the box so it will notnterfere with the removingral
replacemenof the batteryThe charge controller will be attached to the interior right wall
of the battery box using scre\seeFigure10). A wire connector is necessanside the
cabinetonly if the househd is using a charging station, which requires frequent
disconnecting and reconnecting of the battery to the charge controller. In this case, we
recommend the use of a battery charging cable conngetgfigurell), whichwill only
connect to its match that rutesthe charge controller.

Figure 11: Example of battery charging cable connettor

Outdoor Cabinet Design

Theoutdoorcabinetwill be usedat thecharging stationlt provides the usemwith an
accessible outside space to charge the battezgn bdocated eitheon theoutside ofa
houseor in a separate structure on which the solar panel is mauktgterge controller
is permanently connected to the solar panel and attdclesther theoutside of the house
or the separate structure, directly above the cabinet.

The user charging the battery will follow these steps:
1. Place the empty battery in the emptntpartment
2. Unlock the hinged door
3. Disconnect theharge controllefrom the charged battery anccomnectt to the
empty battery

 McMasterCarr: Battery Charging Cable Connectors, North American Style Connectors.
<http://www.mcmaster.com/
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4. Swing the door to close éctompartmenhousing the empty battery.
5. Take the charged batterybacko t he user é6s house
SeeFigurel2for a schematic of the battesyvitching process.

Figure 12: Schematic of switching batteries at charging station

Theoutdoorcabinet hasix main cesign features (sdggurel3-Figurel4).
hip-height battery box

antitipping protruded base

two compartments

hingeddoor

opening for wiring

lock for security from vandalism

OuhsWNE
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3. Two compartments

1. Hip-height
battery box

4. Hinged doo

2. Anti-tipping /

protruding base-\>

Figure 13: Outdoor cabinet

| — 5. Opening for wiring
6. Lock for security
from vandalism

Figure 14: Outdoor cabinet (transparent top)

The outdoor cabindtas similarities to the indoor cabin&he height of the battery box is
slightly below hip height to facilitate easy lifting and placing of the battery. Easy access
to thebattery box is important because this will be the first opportunity for the user to set
the battery dowmfter carrying it on foot from the housknhe outdoor cabinet also
featuresanantitipping protruedbase similar tothe indoor cabinet.

The outdoo cabinet design has two compartments that further facilitate quick battery
replacement and retrievdlheuser at the charging station needstato place the battery
just carried fromt h e  hause sodhat the user can remove the other, faligrged,
batteryto transport back to the hous&'e have solved thigroblemby creatingan empty
compartment beside the occupied compartmiéns provides a stable place for the user
to set the empty battery while the deoithe chargetatterycompartments being
unlocked.
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The single hinged door alloviise user to place the battery without opening the door first,
and to remove the battery withcuaving toclose the door afterwardlhe usewill

unlock the hinged door aftpitadng the emptybattery in theempty compartmenifter
closing he dooron this compartmentthe user can lock it before lifting tlvharged

batteryto carryback homeThere is no need to open or close the door while holding a
battery.

We designed a path for the wire through thiéedog box thatllows for easy connecting

and reconnecting of batteriasthe charge controllewnhile still preventingnvasion by

the elementsincoming wire from theharge controlleenters the battery box through its

backside t@revent any debrisradain from infiltrating the battery boand damaginghe

battery These wireserminatin a connectothat only connect® the batterghrough

the charge contradl, similar to that used in the indoor cabinBbere isalsoa n -i L 0

shaped slit in the ab dividing the two compartmentBhis openingllows the connector

at the end of the wires to swing back and forth between the two compartAfestshe

user places the discharged battery in the empty compartinentsewill open the door

tothechaged bat t er gt.dlse usemwilitipea unhookehdd at t er y boxo6s
connector fr om maahingcctnaectgpestit hbea thtoexrdysb sconnect o
through the slit to the otheompartment connect it to the empty b
controller, andclose the doorto this compartment.

In order to protect the charge controller and battery from vandahenbattery box will

besecurd byeither a combinatiolock or a padlock on the door handigach house that

is sharing a particular charging statwitl have the combination number the key to

thelock We suggest the communityés sa@l ar commit:t
combination numbers @ master key that can unlock all chaggstationcabinets
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Next Steps

Planning Phase

Sant o Ddinstistapgaward implementing this project is to secure funding, as the
selection of an implementation option is dependent on this available funding. After
sufficient funding is acquired, Santo Domingeth the aid of ACOCHAwiIll choose an
alternative te community can afford with the available funds.

Upon choosing aystem, whether it ithe individual home system one ofthecharging
stationalternatives, the community will acquire components that satisfy the
recommended specifications.

Implementation Phase

In the summer of 2008, ESWU will assist Santo Domingo wittne construction and
installation of the solar electrification systevide developed basic installation guide

that will guide them through the set(gee Appendix). We also recommernal published
manual for more extensive information on the installation, operation, and maintenance of
solar electrificathn systems (see Appendix ESW-NU will also have access to our

online file depot and team management system for information beyosdajeeof this

report (see Appendix K

Future of Santo Domingo

After ESWENU initiates theamplementatiorof these systems in Santo Domingo
ACOCHA will beleft as the organizatioresponsible focontinuationof the projecin
the communityAs ESW-NU proceed onto other sustainabilityelated projectsts
memberswill utilize our design concepts atitis experience with Santo Domingo
improve conditionsin numeroustherdevelopingcommunitiesaroundthe world
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