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PREFACE

This report is the product of the United States Strategic Command (USSTRATCOM) Global
Innovation and Strategy Center (GISC) internship program. A team of graduate and
undergraduate studeritem the University of Nebraskhincoln, University of Nebraska

Omaha, and Creighton University worked together to provide this multidisciplinary, unclassified

comprehensive report

The Spring 2009 team was taskednigestigate potentialesigrs, and methodologies tevelop,
test, manufacture, and deploy a Villdgé&astructure in a KitAlpha (VIKA). The purpose of the
kit would be to provide power, a water production and purification system, and
telecommunications capabilities for villages of 80000 people in approximately 200 homes.
The kit would concentratencelectrical generation and distribution, and water purification and

distribution.

This project took place between January and May of 2009, with each team member working
twelve to twenty hours per week. While the GISC provided the resources and tectiootbgy
project, development of the project design, conducting research and analysis, and providing

recommendations were left solely up to the team.
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EXECUTIVE SUMMARY

Deterrence is a primary objective of the U.S. Strategic Command and can be indireetigdch

by creating opportunities for development, stability, and strategic alliances with underserved
populaces. As mentioned by experts, individuals often participate in terroristic activities as a
means of generating income to support his or her familyillage. A Village Infrastructure in a

KitT Alpha (VIKA) provides essential services and meets humanitarian needs, presenting an
alternative to committing acts of terrorism. Specifically, VIKA would contain a method of

energy generation, water producti@npurification, and telecommunications, all of which have
been linked to increased development and stability. Furthermore, VIKA could lessen the odds of
antiU.S. sentiments and attacks as it would be provided by the U.S. to underserved populaces by
meansof the deterrence mission. However, the three basic components of energy, water, and
telecommunications are not the only factors to be considered when implementing the VIKA. The
local political, economic, and social climates must also be addressedfincadsure

acceptance and successful implementation occurs.

The initial focus of the project was to identify available technologies that could be used in the
VIKA which should cost less than $40,000, consist of sustainable technologies, and serve 500 to

1,000 people.

After speaking with experts ranging from international development to sustainable technology, it
became clear to the team that a significant obstacle to the success of VIKA would depend

heavily on the acceptance of the technology and U.&vieitionAn  anal ysi s of a <coc
sociocultural elements must take place prior to implementafiorthis endthe team developed

the Culture, Religion, Organizational patterns, Perception of U.S., and Societal narkers
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CROPS framework to aid imis analysis effortAdditionally, in order to expedite the process of
deploying the VIKA, the team constructed a notional computer program called the VIKA
Hardware Selector (VHS) that would take into account geography, population size, climate, and
otherfactors necessary in determining the composition of the VIKA. Additions to the VHS could

include cultural, political, and economic variables.

The team was allotted 120 days to conduct unclassified; spece research, write a
comprehensive report, andopide an executive briefing to the U.S. Strategic Commander and
Staff, U.S. government agencies, academia, industry, and contributors. The team proposed six

strategies for successful implementation of the VIKA:

Analyze existing economic and political catiwhs of states and villages

e Incorporate CROPS analysis into existing PMESII framework

e Utilize VIKA Hardware Selector to choose appropriate technology

e Establish efficient supply chain to ensure quick implementation of the VIKA
e Generate community ownershipth methods such as microfinance

e Cooperate with U.S. government agencies andgomernmental agencies to sustain the

VIKA



INTRODUCTION

To strengthen tactical, operational, and strategt@mtives, interested parties worldwidesire to
build strategt alliances at the base level of partner nation societies. In addition to offering basic
human services, the U.S. seeks to take advantage of the VIKA to create goodwill among the
most underserved populations in the world. Thesechitdd be capable of prading renewable
energy, water, and telecommunication services, and therefore could impact economic activity,

community stability, and loyalty to the U.S. in partner countries.

The team broadly defined fAunder s enecessitiégsofas any
food, water, and shelter. Although the VIKA would not generally provide a means of shelter, the
potential economic growth the kit is intended to generate could provide additional resources for

the development of shelter. Additionally, itimsportant to note that not all eligible populations

for a VIKA couldbe completely lacking all three necessities, but even a community having

shelter and food but no clean water source could be a potential recipient of the VIKA. Therefore,

it is importantto consider the parameters for the VIKA provided by the customers: serving a

village of 1000 people or fewer, and costing at or below $40,000. These parameters will be

naturally sellimiting in terms of communitieto whichthe VIKA could be deployed.

Deficient economies in partner countries can lead ordinary citizens to consider violence as a
means of generating income. In a personal interview, Stephen Epstein, an official at the U.S.
Department of State involved in civil affairs in Iraq, verifiesth r eal i ty when st at

planting a bomb is a business opp OWhHilasonet y . |t

! Epstein, Stephen. Personal Interview. 20 Feb. 2009.



people perform terrorist activities for ideological reasons, others are motivated by economic
considerations, and providing@emic opportunity is one way to deter citizens from taking up

arms to provide for their families and themselves.

No matter the motive, grassroots insurgency in the armed conflicts in Iraq and Afghanistan over

the last eight years has undermined tradatiavarfighting techniques. Suicide bombers,

improvised explosive devices, and rockebpelled grenades repeatedly place U.S. armed forces
abroad in significant danger. The growth of guerilla warfare has fundamentally altered strategic
approaches to combhaechnological and hasdower advantages held by U.S. forces do not

always equate to the upper hand in thesetramtitional conflicts. Military interest in the VIKA
demonstrates greater emphasis on soft power technigues to complement U.S. hard power
cambil ities. As Christian Wagner, in his publ:
|l nteracti on, I nstitutions, co@andt é mags8sfi npowdi
emphasize common political values, peaceful means for conflictgearemt, and economic-co
operation in order t Atleasthtifacewaue,dt appears as theugh thet i o n
VIKA could affect these facets of soft power by increasing economic activity and helping to

develop a longstanding relationship betwehe U.S. and a local community abroad.

The VIKA seeks to address the problem of how to gain strong, loyal allies at the base level of a
society. Accordingly, the VIKA projectods task
technologies, water generatiand purification, and telecommunications (or telecom), as well as
understanding how the U.S. can benefit from successful implementation. After further research,

the VIKA team sought to generate an objective method to determine the appropriate hardware

2Wagner, Christian. AiFrom Hard Power to Soft Power ? ddeas, |
Heidelberg Papers in South Asian and Comparative PoRt&char. 2009 <http://archiv.ub.uni
heidelberg.de/volltextserver/volltexte/2005/5436/pdf/hpsacp26.pdf>.

n



for specific regions and to consider implementation methods for mutual effectiveness. In
response to the tasking, the VIKA team has identified a hierarchy of strategic initiatives for
VIKA deployment: primarily, the deployment of the kit intends to fostensfralliances at the
base of an underserved community. Once the initial efforts of the kit establish trust with the
community, VIKA deployment could complement the seciuttural aspects inherent in the
community. Advanced provision of basic services lg/\thkKkA may encourage economic
development and empowerment of underserved communities, build goodwill, and counteract
baselevel insurgency. The execution of these three initiatives could create firm, strategic
grassroots alliances with the underserved [amas in U.S. partner countries. These alliances
can certainly be mutually beneficial for the U.S. and its alk&gire 1is a visual interpretation

of the VI KA6s hierarchical i nitiatives.

Development Bottom-Up Approach
Empowerment

VIKA

Strategic Grass Root Alliances

Figure 1: VIKA Strategic Initiatives



The desired outcome of this project is the manifestation of these intangible goals (i.e., economic
development, empowerment, and goodwill) via a tangible package of technology, which
reinforces USSTRATCOMGscrhiss ®ino . tSo3VIKiftdaet é mt &
into this mission because it is a measure to prevent conflict before it even begins to take root.

Before VIKA implementation, forming community relationships could be a firm basis for
executing the U.S. Strategzo mmanddés (USSTRATCOM) deterrence
options for income, health, and information connectivity. Availing these resources to the

underserved people in partner countries can positively influence sentiment towards the U.S. and

general socialpolitical, and economic stability in a targeted region.

In the past, the U.S. used its commanding military strength to overcome its opponents and
advance U.S. interests. Both World War | and World War Il document the overwhelming
advantage of the U.S. aonventional tactics. In recent years, however, the shift in emphasis to
cooperative determination for pesinflict reconstruction is noticeable. To construct a-war
fighting strategy that integrates hard and soft power components, the November 2005

Depatment of Defense Directive 3000.05 asserts:

Stability operations are a core U.S. military mission that the Department of
Defense shall be prepared to conduct and support. They shall be given priority
comparable to combat operations and be explicitlyesddd and integrated

across all Department of Defense activities including doctrine, organizations,

3 "vision, Mission, Priorities.'United States Strategic Commar&® Mar. 2009 <http://www.stratcom.mil/mission/>.




training, education, exercises, materiel, leadership, personnel, facilities, and

planning?

Directive 3000.05 explicitly notes that soft power is as irtgiaras hard power. Stability
operations include, fiéTo provide the | ocal po
and meet humaTthéVtlaKrAidasn fruenecdtsioonal ity serves to
thereby meeting the most basic humagtn needs. As the nature of conflict evolves and

enemies become less and less willing to fight a conventional war against the U.S., strategic
advantages should be leveraged through acts of goodwill and relatitmsdipg to mitigate

grass root insurgey.

VIKA development coincides with this shift in military mindset. Lieutenant Colonel (USAF)

Beck from USCENTCOM said AThese people have v
you give them something, you have a fighting chance to show thertigica is the preferred

a | I° wis rémarks imply the importance of soft power. Ideally, VIg#ouldbe an arm of the

U.S. strategy that generates stability and empowerment via the creation of opportunities for

development.
The VIKA team adhered to thelfowing five parameters during research efforts:

¢ Make available potable water, renewable energy, and telecommunications infrastructure
e Use sustainable technologies

e Service a community of 500 to1,000 people

‘DeptofDefense fiDepar t meste o6hmhsbDe uct i DHC. 23WMarn2b0®r 3000. 05 . &
<http://www.dtic.mil/whs/diretives/corres/pdf/300005p.pdf>.

SDeptofDefense fiDepart ment of Def ens ®@TIC. A3Mar 20@9t i on : Number 3000.05.

<http://www.dtic.mil/whs/directives/corres/pdf/3005p.pdf>.

% Beck, Ron. Personal Interview. 3 Feb 2009.




e Keep total kit cost under $40,000

e Uses able to gm the continuum of development to disaster relief
Given these constraints, the team embarked on initial research to identify which technologies
would be most appropriate to fit these constraints. Surprisingly, the team encountered numerous
technologies aaforming to the mold set forth by the customer. However, in further conversation
with subject matter experts about the VIKA concept, the team realized that technology was not
the primary issue, thus reaching the conclusion that other determinants wermpustant in

ensuring a kités efficacy in a given communit

Primarily, tal king with exper tcsltura,tpoliical,eadd t he
economic factors surrounding a proposed development concept. For instance, U.S. Secretary of
State Robert Gates said on November 26, 2007:
Success will be |l ess a matter of i mposing
behaviod of friends, adversaries, and most importantly, the people in between. Arguably
the most important military compentin the War on Terror is not the fighting we do
ourselves, but how well we enable and empower our partners to defend and govern
themselveg.
Il n theory, the VI KA supports Gatesd insights
winning strong allieso the U.S. More importantly, success in winning stability and atli@gbe
a function of how well the U.S. can service the needs of a targeted community. As a result of a
thorough sociecultural understanding of a locality, appropriate configuratiorss\0iKA can be

made to best position the community to increase social and political stability and economic

"Gat es, Robert M. ABeyond Guns and Steel: RMihtary\Réviewy 10t he Nonmi |
Mar. 2009 <http://usacac.army.mil/CAC2/MilitaryReview/Archives/English/MiliReyiew_20080228_art004.pdf>.



viability. Magnifying and empowering these areas should lead to desired results, poshias
perceptions of the U.S., social integrity, econogrimwth, and security in the underserved

populations.

This research paper will include discussion of technologies fitting the parameters set forth by the
customers, a proposal of the notional VHS, presentation of the concept of a CROPS analyses as
an exten®n of a PMESII analysis, examination of politionomic considerations, discussion

of testing and the analysis of et@dend VIKA integration, final recommendations, and

suggestions for further research.



ENERGY

Solar Energy Overview

Solar energy is eenewable source that can provide an alternative to the electrical grid. It is an
increasingly popular energy technology due to its efficiency, accessibility, and low carbon
footprint. Despite being eeiendly, solar energy can also be beneficial to ¢ha®as that may

not have regular access to an electrical grid system. In the case of the construction of a VIKA,
solar energy provides an ideal alternative for climates rich in sunlight that may not currently

have power due to distance from the grid or-tirae destruction of power lines.

Solar technologies can collect heat (thermal) and light (photovoltaic) energy. Thermal solar
energy is heat collected from the sun that is used primarily for heating a household or providing
warmth for cooking. Photovdalic (PV) solar energy is light energy converted into an alternating
current (AC) to run anything requiring power. All solar energy is collected as direct current
(DC), thus, an inverter is required to convert to AC. PV is the most common and widely used
form of solar energy, but thermal collection can be used to create electricity from heat through a

turbine or steam generator.

There are several designs for solar energy collection. The cell is the most basic structural aspect
of a solar energy system,guiucing one to two watts of energgells can be connected to form

modules that can then be connected to form arrays. Figure 2 graphically depicts PV celf panels.

8 "How does solar power work®blar home.orgl9 Mar. 2009 <http://www.solarhome.org/infohowdoessolarpowerwork.html>.
PV Systems.!U.S. Department of Energy: Energy Efficiency and Renewable Engggylar. 2009
<http://wwwleere.energy.gov/solar/pv_systems.html>.
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Figure 2: Photovoltaic cell panels

Solar Energy Options

At thevery innovative end of the spectrum, architect Joseph Cory has developed a PV system
utilizing light energy which he calls SunHopes. SunHopes is a design consisting of-fiéidim

balloons containing photovoltaic arrays (PVA) on the outer skin sulfadery states the goal of
SunHopes is to fAdevel op-independent, inexgenseveaind relighler t a b |
energy source for all, thus contributing to promoting society by decentralizing and diversifying
energy resources while generatingan éco gi cal coherence b'tween hu

Figure 3 illustrates the SunHopes solar ballddns.

10"py Systems.U.S. Department of Energy: Energy Efficiency and Renewable Engégylar. 2009
<http://www1.eere.energy.gov/solar/pv_systems.html>.

18 S u n HoGeeestural Feb. 2009 <http://www.geotectura.coraiilgeotectura.htm>.

28 S u n H oGeetestural Feb. 2009 <http://www.geotectura.com/New/geotectura.htm>.

% S u n HoGeatextural Feb. 2009 <http://www.geotectura.com/New/geotectura.htm>.
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Figure 3: SunHopes Solar Balloons

SunHopes, although still in the prototype stage, is expected to function extremely welkin dese

and barren landscapes, withstanding many weather conditions.

A more common option than SunHopes is the solar lantern, which is an additional technology
that uses PVs to harvest solar energy to provide light. While electricity can be provided by
conveting energy from PV cells, the solar lantern is a more direct, immediate way of providing
light. A solar lantern needs only a PV panel, storage battery, and lamp to provide adequate
lighting. The PVs convert solar energy into electrical, and the battbegtsoand stores this
energy during periods of sunlight to be used by the lamp at night or on cloudy days. A single
charge would be able to operate the lamp #6rivburs. The price of a solar lantern varies, but

will likely remain under $100.

Another way to use the sunds energy is to collec
energy can be collected passively or actively

mechanical and electrical devices, such as pumps, fans, or elemritals to move the solar
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h e d“4Esseéntially, this type of system would be able to provide solar heat in the winter and
reject it in the summer. An active solar coll
then transfers the solar heat dikg¢d an interior space or a storage system, from which the heat

i s di s P Active solaredllection can be achieved using liquid or air. A liquaded

system Anheats water or an antifreebmsed sol uti on
systens heat ai r i 'AAnaxampieafian activethetmal sdlaoheatiry system is

the FreedomWon system, which employs a network of pipes that run from a storage tank through

a thermal solar panel. Water in the pipes is heated as it passe$ttivetigermal solar panels

and stored in the tank until needed. Installed in a house, the system would operate according to

the Figure 4 depiction of the FreedomWon water heating sySt&he FreedomWon system

ranges in price from $8,000 t0$15,000 depeqdin size'?

14 passive Solar Home Desigil'S. Department of Energy: Engrifficiency and Renewable Enerdh9 Mar. 2009
<http://appsl.eere.energy.gov/consumer/your_home/designing_remodeling/index.cfm/mytopic=10250>.

15 Active Solar Heating." U.S. Department of Enerfiyrergy Efficiency and Renewable Enerdg$ Mar. 2009
<http//appsl.eere.energy.gov/consumer/your_home/space_heating_cooling/index.cfm/mytopic=12490>.

18 Active Solar Heating." U.S. Department of Enerfiyrergy Efficiency and Renewable Enerd$ Mar. 2009
<http://appsl.eere.energy.gov/consumer/your_home/spacmdhealing/index.cfm/mytopic=12490>.
YA"Freedom Won: SikmglesSolar Heatidl Fdb.s2609. <http://simplesolarheating.com/FreedomWorrhtml
BAFreedom Won: SingleSolar Heatigl Fdbs2009. <http://simplesolarheating.com/FreedomWtm}>.
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Figure 4: FreedomWon Water Heating System

Even though a climate may be suited for solar technology, it is not guaranteed that there will
always be abundant sunlight to provide energy and electricity. Thereforspihetimes more
efficient to employ a hybrid solavind system to provide energy. Such a selard hybrid

system, or Mobile Power Station, was developed by blending the techndftiescreation is

a combination of solar and wind energy technologies tealuon a shipping container. Figure 5

depicts a full diagram of the Mobile Power Station as available in a brochure.

Y3 The Mobil e ™RdAMPS : StTahtei Brest Sol ut i SkyBuilt®owerd Feb.t2009 but e d
<http://www.skybuilt.com/news/pdfs_products/SkyBuilt_SkyStation.pdf>.

Gener a
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Figure 5: Full diagram of Mobile Power Station™

This module is estimated to provide enough electricity togp@antarge (3,500 to 4,000 square

foot) US.homé! I t i s desi egmneoloréqomingmapriai knawledge of such

technologies. As a test, four-y@ar old males were given the unassembled module with no
instructions or prior knowledge; they meeable to assemble it correctly in about four hétirs.

The inside of the container can also open up and be used as a storage space, living area, office,
etcetera. This module can be implemented in areas that do not necessarily have abundant

sunshine. Whethe solar energy is lacking the wind energy can compensate, and the container

can provide shelter or storage space as an ad

Mobile Power Station a unique and viable option for use in the VIKA.

A The Mobi | e ™R\MPB) The Bt Sdiution for Distrb ut e d G SkyRuilt Rdwer @ Reb. 2009
<http://www.skybuilt.com/news/pdfs_products/SkyBuilt_SkyStation.pdf>.

2! Sklar, Scott. Personal Interview. 19 Feb. 2009.

22 Sklar, Scott. Personal Interview. 19 Feb. 2009.

Z Sklar, Scott. Personal Interview. Egb. 2009.
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Solarte hnol ogy i s becoming an increasingly impor
more economical to electrify rural villages on a household basis than conventional diesel

g e n e r @MNobanlyg is ibmore economical, but is more practical for runal wartorn areas

since it can operate separately from the grid. Many different forms of solar technology are being

developed; it is just a matter of matching specific area needs to the appropriate technology.

Wind Energy Overview

One of the renewable emyy technologies perhaps most appropriate for the VIKA is wind
energy. Because wind results from the sunds a
can be relatively cosgfficient. The various biomes on earth have varying capacity for wind
energygeneration. However, it has been clear as renewable technologies have been developed

over the last 30 years that wind is a practical alternative to traditional fossil fuel systems.

Esti mates by the U.S. Depart me n touldbtheor&icalyr gy e s
supply the equivalent of 5,800 quadrillion BTUs (quads) of energy eachmesae than 15

ti mes current world energy demando (a quad i s
million tons of coal 3° A National Aeronautics and &pe Administration (NASA) map of

average wind speeds for the months of January and July and a conversion table of wind speed to
wind power density (or the amount of wind power that could be gained from a certain area) are
provided in Figure 6 in order tes#mate the potential energy to be gained from global wind

power depending on varying heights. Wind speed generally is stronger at heights farther from the

24\Wells, Linton. Personal Interview. 19 Feb. 2009.
B Wi nd ener g gudtwe Qhanged Apt. 20@9I<http://www.culturechange.org/wind.htms.
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surface of the earth. Figure 7 is the basic principles of wind resource evaluation; it shows that a

higher wind power class means more electricity stands to be generated from a particular area.

January

July

Wind Speed (meters/sec)
o] 7 14

Figure 6: Average global wind sped®®

B3 Gl obal WiNASKA VSiplesEarth 6 Apr. 2009 <http://visibleearth.nasa.gov/view allgthp?id=2154. >.



Classes of Wind Power Density at 10 m and 50 m®

10 m (33 i) 50 m (164 ft)
Wind Yiind Specd™’ Viind Specd™’
Power  Power s (iph) Fower s gmph)
Class Density Density
(W) (W)
1 =100 =44 (2.8) =200 =56 (12.5)
2 100 - 150 4402051115 200 - 300 56 (12,5164 (14.3)
3 150 - 200 310115156 (12.5) 200 - 400 6.4 (14 317.0 (15.7)
4 200 - 250 5612500134 400 - 500 7.00(15.7V7.5 (16.2)
5 250 - 300 6.0 (134064 (143 00 - GO0 7.5 (16,2180 (17.9)
200 - 400 6.4 (14 3070 (15.7) 00 - 200 2.0 (1791828 (18.7)
=400 =70 (157 =300 =28 (19.7)

(&) Wertical exdrapolation of witud speed baced owthe 167 poarer Loar

0] Blearn writd speed is baced orthe Faleigh cpeed distritegtion of equitalerd wind porerer dereity. Wited speed is
for stavdard ces-level conditions . To mairdain the care poaer dercity, cpeed fumeaces %1000 m (%5000 £) of

elemraticg,
(frorn the Battelle Wind Eherzy Beoomce Silac))

Figure 7: Basic principles of wind resource evaluatioff

The most common system that captures wind energy is a wind turbine. A wind turbine employs
blades to capture kinetic energy from air in motion. The wind propels a séfades on either

a horizontal or vertical axis. The series of blades is attached to a rotor, which is then attached to a
shaft. The shaft has a gear box on it, which connects to a generator. The gear box turns the

generator, producing electric currehinally, the electric current moves from the generator to the

ABasic Principles of Wind
<http://lwww.awea.org/fag/basicwr.html>.

Resource

Evaluati on.

Ameri can

Wi |
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tower base, and then to the end user (i.e., electrical utility or homediwmegse turbines
operate most efficiently at approximately 30 meters from the surface of the ground where wind

speels are faster and less turbulé&ht.

Wind Energy Options

While wind farms have become prevalent around the U.S., smaller systems would be more
applicable to the rural, underserved areas that the VIKA could aid for several reasons. First,

larger wind turbinesnay be more difficult to defend from an attack. Second, larger turbines are
costly. Third, larger turbines may provide more electrical capacity than is necessary for a village

of 500 to 1,000 people. In other words, a larger turbine may be too easityddsn a war torn

area, cost more than an underserved population can afford, or simply be a waste as it serves more

than the total population.

There are multiple options for wind technology integration into a VIKA package. The

Sol ar St i k E ssydar andrwind techeolpgy éseeerigure 8). According to its manual,
the system can be assembled in 10 minutes by one person, stands under 12 feet tall, and weighs
just over 100 pounds. This quality fits with the desire for the VIKA to be easily usabksacr

diverse populaces and also minimizes the risk of an attack. The system includes two solar panels
putting out 100 watts and a small wind turbine that produces 200 watts of electricity daily.

Energy not used immediately is stored in a few batterieshemd ts an outlet at the base of the

28 How Wind Turbines Work.'U.S. Department of Energy Wind and Hydropower Technologies Prograpr. 2009 <
http://www1.eere.energy.gov/windandhydro/wind_how.html>.
29 "How Wind Turbines Work.'U.S. Department of Energy Wind and Hydropower Technologies Prorampr. 2009 <
http://www1.eere.energy.gov/windandhydro/wind_how.htmi>.
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tower to plug applications into directly. Cost of the system starts at $¥,H8Qvever, alone,
this system may still not produce enough energy to meet the needs of a village of 500 to 1,000

people. A few of these sysits can be set in an array for increased energy production.

Figure 8: SolarStik

30 solar Stik Pro Sees Breeze Instruction Manual." Solar Stik. 8 Apr. 2009
<http://www.solarstik.com/pdf/Solar%20StikinstructieBskPro Series%20Breeze.pdf>.
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Figure 9: Bergey 1.2 kW Hybrid System Package

Another small wind technology appropriate for the VIKA is the Bergey W2Hybrid System
Package shown in Figure 9. This system, much like the SolarStik, employs solar and wind
technologies to harness energy from varying climate conditions. This wind turbine has already
been used in smadicale development projects in rural Agmistan for powering water treatment
systems” This system uses two 90W solar panels in conjunction with a 1 kW potential small
wind turbine. It includes a 6fdot guyed tower (a tower stabilized by an array of cables attached
to the tower and anchoredtime ground), an electricity regulator, a bank of deep cell batteries for
storage, and an inverter to convert DC to AC electricity. The cost of the unit after installation
would be close to $10,000 to $12,08he height of the system renders it vulneeatol attack,

but it provides greater capacity to generate electricity (rougblk@/h per day). Maintenance is

A American Wind & Solar Hybrid Power S\Berdepoms238m.200E| ectrify A
<http://www.bergey.com/Examples/Afghan.Hybrids2.doc>.

2AWind & Solar Hybrid System Val ueBe@ey.comafer:2000. 2k W Hybrid. Sys"
<http://www.bergey.com/Products/VPkg.Hybrid1.htm>.
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fairly minimal since the system has few moving parts. In all, this system would appear to be a

potential alternative for the VIKA to incorporate

AeroVironment Architectural Wind Systems is another applicable product for the VIKA,

presented in Figure 10. These small turbines are just under nine feet tall and six feet wide,
weighing 130 pounds. Smaller than other turbines that rely on tallerdotvese systems

minimize the risk of attack. The units can be combined with solar panels to form a hybrid energy
system. At optimal wind speeds around 12 m/s, one of these small turbines can churn out 1kW of
electricity. A select few private entities armlthe U.S. are currently using this technoldtiyor

the most part, Architectural Wind has been commercialized, which could indicate cost savings

and proven performance for potential VIKA use.

The downside to the AeroVironment Architectural Wind systethe cost, which was given to

the research team during a teleconference with AeroVironment sales representative Jason
Groves® Groves estimated the cost at $8.50 watt and with 1,000 watts for each system, the final
cost for the minimum system would hoxound $50,000 and could potentially increase
considering other installation costs. Downsides are that the company will only install a minimum
of six turbines for a given system and it would not be the easiest technology to install as it has

not been testkin remote, rural areas internationafly.

BAArchitectural WindE: dAVW rd 0BuinBhoinREAIMN2009] nt egr at e
<http://www.avinc.com/downloads/AVX1000_online.pdf>.

34 Groves, Jason. Personal Interview. 22 Apr. 2009.

3 Groves, Jason. Personal Interview. 22 Apr. 2009.
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Figure 10: AeroVironment Architectural Wind ™%

A commercialized technology that may be cost effective and readily deployed in the VIKA is the
SkyStream 3.7 Compact Wind Turbine manufestiby Southwest Windpower (see Figure 11).
It is light, weighing 170 pounds, and uses fiberglass blades that are durable in many weather

conditions, but are costly to replace. Its specification sheet rates its electrical output at®2.4 kWw.

The system c# for a guyed tower or concresmchored tower over 20 feet high to maximize

wind power. It is a smaller wind turbine that provides significant electrical production that can be
stored in batteries to optimize use during less windy weather. Nebraska@bltind Power, a

dealer near the Global Innovation and Strategy Center (GISC) cited the overall cost of the system
at $15,000° This of course can vary with respect to location and configuration of the product

(e.g., tower height, installation costs,.gtdhe system can also be combined with solar panels to

®AArchitectural WindE: AVX fb0DAwn8BamPIdApN2§091 nt egrated Wi nd Tu
<http://www.avinc.com/downloads/AVX1000_online.pdf>.

A Skyst r &ndeneByy.com2009. Southwest Windpower. 20 Apr. 2009
<http://www.windenergy.com/documents/spec_sheefd/B T-133801_Skystream_spec.pdf>.

38 Anthis, Monty & Anthis, Tracy. Personal Interview. 17 Apr. 2009.



22

maximize productivity. Moreover, electrical production can be monitored viaewabled

software for remote management of the systefthis product may be vulnerable to attack due

to tower height butomes with a limited fivgrear warranty® The manufacturer has established
relationships with dealers throughout the U.S., which could ease procurement of this product in a

centralized VIKA warehouse before actual packages are sent abroad to hosts8untrie

Figure 11: Skystrean*?

The research team determined one of the most effective systems appropriate for use in the VIKA
is the AercCcam wind turbine (see Figure 12). It operates on a horizontal axis close to the ground
utilizing surface winds from or over 4 to 80 mph to generate energy. It can be permanently

stationed in the ground or trailer mounted for mobility and requires minimiattemance.

®ASkystr &vndeneByy.com2009. Southwest Windpower. 20 Apr. 2009
<http://www.windenergy.com/documents/spec_shedfd/® T-133801_Skystream_spec.pdf>.
YA Skyst r gvndenedyy.com2009.Southwest Windpower. 20 Apr. 2009
<http://www.windenergy.com/documents/spec_shedfd/® T-133801_Skystream_spec.pdf>.
“1 Anthis, Monty & Anthis, Tracy. Personal Interview. 17 Apr. 2009.

2R Skystr gvndeneByy.com2009. Southwest Windpower. 20 ABO09
<http://www.windenergy.com/documents/spec_shedtd/@ T-133801_Skystream_spec.pdf>.



























































































































































































































































































































































































































































































































