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NEA’sNEA’s 50 kW PV50 kW PV--power plant in power plant in SimikotSimikot, , HumlaHumla, Source: , Source: ZahndZahnd et al, 2006et al, 2006

PVPV--Based DualBased Dual--Axis SelfAxis Self--Tracker inTracker in

Remote Area Power Supply System (RAPS) Remote Area Power Supply System (RAPS) 

for Rapid Rural Electrification  in Nepalfor Rapid Rural Electrification  in Nepal
Experience of Kathmandu University (KU)Experience of Kathmandu University (KU)

Prof. Dr. Ramesh MaskeyProf. Dr. Ramesh Maskey
Expatriate RE Alexander Expatriate RE Alexander ZahndZahnd, , MScMSc

School of EngineeringSchool of Engineering
Interest: Interest: R&D in renewable energy technologiesR&D in renewable energy technologies
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Systems for rural electrificationSystems for rural electrification

Source: Modified after Source: Modified after KleinkaufKleinkauf, 1997 , 1997 

ElementaryElementary
RAPSRAPS ClusterCluster-- RAPSRAPS

Central RAPS Central RAPS 

Regional supply Regional supply 

National supply National supply 
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Prospect for rural electrificationProspect for rural electrification

Source:  NEA, 1998/99Source:  NEA, 1998/99

National Grid 132 kV 
(4,346 km)

ChauganphayaChauganphaya ((HumlaHumla)) : High-altitude (3000-5000 mamsl) 
research station of Kathmandu University

Road head
ends here

16 
days
walk

1 hr
flight
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NeedNeed assessmentassessment: : HolisticHolistic
communitycommunity developmentdevelopment (HCD)(HCD)

69 69 
(Kathmandu (Kathmandu 

Post, 2005)Post, 2005)

900 900 
((HunwickHunwick, 2002), 2002)

2500 2500 
in 2000in 2000

Per Per capitacapita

electricityelectricity

consumtionconsumtion

in kWhin kWh

NepalNepalDevelopingDeveloping

countriescountries
OECDOECD

CountriesCountries

RegionRegion

�� No light & No light & openopen firefire

�� FireFire hazardhazard

�� IndoorIndoor pllutionpllution

�� RespiratoryRespiratory diseasesdiseases

�� BlindnessBlindness

�� HeartHeart attacksattacks

�� No No drinkingdrinking waterwater

�� No No sanitationsanitation

�� RET: a RET: a partpart of of basicbasic HCD:HCD:

Source: Photo and information from Source: Photo and information from ZahndZahnd, 2002, 2002

�� ChoicesChoices::

LE: <1000 LE: <1000 hrshrs.. LE: <12,000 LE: <12,000 hrshrs

60 W60 W 11 W11 W

LE: <50,000 LE: <50,000 hrshrs

1 W1 W
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Problems and prospects for RAPSProblems and prospects for RAPS

DeforestationDeforestation

Sparse SettlementsSparse Settlements

TourismTourism

�� Sustainable and Sustainable and 

appropriateappropriate

�� A part of HCDA part of HCD

�� Protect environmentProtect environment

�� Matches with loadMatches with load

�� Resources (fund, fuels)Resources (fund, fuels)

�� Local entrepreneurshipLocal entrepreneurship

Harsh ConditionHarsh Condition
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Population Scattered

Indian 

Plains

Ecological Regions

Key features

Energy options

TeraiTerai

SiwalikSiwalik

hillshills

High High 

MountainsMountains

PeaksPeaks

Tibetan 

Plateau

67 m amsl

8848 m amsl

180-250 km cross-section

The energy technology optionsThe energy technology options

Easy access

Import accessible

Difficult or no access

Import impossible unless very 
portable or via air lift

Micro-hydro/Solar/WindDiesel/Biogas/Grid

Dense Grouped

Middle Middle 

hillshills

Less easy access

Import more 
expensive

Diesel/Bio-mass/Hydro

<<< Hydropower Sites  >
>>

Source: modified from Source: modified from AitkenAitken et al, 1991, et al, 1991, ZahndZahnd, 2006, 2006
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Solar Solar insolationinsolation availabilityavailability

[Egger et al, 2002; Maskey, 2004][Egger et al, 2002; Maskey, 2004]
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JomsomJomsom--solarsolar radiationradiation KagbeniKagbeni--windwind JomsomJomsom--windwind
TukucheTukuche--windwind MarphaMarpha--windwind LamangLamang--windwind

MondayMonday TuesdayTuesday WednesdayWednesday ThursdayThursday FridayFriday SundaySundaySaturdaySaturday

�� 30° Solar Belt30° Solar Belt

�� 300 300 sunnysunny daysdays

�� 4.84.8--6 kWh/m² /6 kWh/m² /dayday IrradiationIrradiation
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Government policy for RET in NepalGovernment policy for RET in Nepal
•• Government (AEPC) aims at: providing 1 RET/household for 58% Government (AEPC) aims at: providing 1 RET/household for 58% 

of rural population by 2020 with the following visions:of rural population by 2020 with the following visions:
•• Decentralized energy system through active participationDecentralized energy system through active participation

•• Development through market mechanismsDevelopment through market mechanisms

RemarksRemarks
SubsidySubsidy

US$US$
CostCost

US$US$
Solar home systemSolar home system

>15 (mostly in >15 (mostly in 

Kathmandu)Kathmandu)
Solar  Entrepreneurs within 10 years of introducing Solar  Entrepreneurs within 10 years of introducing 

SHS in NepalSHS in Nepal

•• Additional 50% Additional 50% 

and 2.5% subsidy and 2.5% subsidy 

per SHS for per SHS for 

remote remote 

householdshouseholds

•• 75% for public 75% for public 

institutionsinstitutions

•• reducedreduced byby 10% 10% 

per annumper annum

Max. 110Max. 110
300 300 --

400400

•• One Solar module 10One Solar module 10--

40 W40 W

•• Battery deep cycle 40Battery deep cycle 40--

75 AH75 AH

•• Three 10Three 10--20 Watt 20 Watt 

fluorescent lampsfluorescent lamps

[Source: [Source: ZahndZahnd et al, 2006; CADEC, 2004, CES 2000]et al, 2006; CADEC, 2004, CES 2000]
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Installed capacity of Renewable Installed capacity of Renewable 

Energy Technology in NepalEnergy Technology in Nepal

1.21.266Wind power plants (demonstration)Wind power plants (demonstration)

766,147 m766,147 m³³111,395111,395Biogas plants Biogas plants 

872 improved 872 improved 

watermills (watermills (panipani--

ghattaghatta),),

7,4727,4721,3711,371

804 turbine mills 804 turbine mills 

(7,106.9 kW)(7,106.9 kW)
MicroMicro--hydro hydro 

electrification electrification 

schemes schemes 

2,024.5742,024.57461,89161,891Solar home systems in 73 districtsSolar home systems in 73 districts

Total Total 

capacity capacity 

(kW)(kW)

Number of Number of 

installationinstallation
Source of electricity from small Source of electricity from small 

renewable energy technologiesrenewable energy technologies

[Source: [Source: ZahndZahnd et al, 2006; CADEC, 2004]et al, 2006; CADEC, 2004]
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Electrified households in NepalElectrified households in Nepal

39.3939.39Total reported by the 2001 CensusTotal reported by the 2001 Census

5.715.71
Not known (nonNot known (non--reported solar home reported solar home 

systems, illegal connection)systems, illegal connection)

0.970.97
NonNon--domestic category of consumers of domestic category of consumers of 

NEA and other systemsNEA and other systems

1.861.86MicroMicro--hydro schemeshydro schemes

1.021.02Solar home systemSolar home system

29.8329.83
NEA and other isolated systems NEA and other isolated systems 

(domestic consumers)(domestic consumers)

Percentage Percentage 

of of 

households*households*
Source of electricitySource of electricity

* Total households are 4,174,374. The average household size is * Total households are 4,174,374. The average household size is ~5.4 [CADEC, 2004 and CBS, 2000]~5.4 [CADEC, 2004 and CBS, 2000]
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Kathmandu UniversityKathmandu University
Quality education for leadershipQuality education for leadership

Master planMaster plan

Rector’s OfficeRector’s Office

�� StaffStaff excldexcld. . affiliatedaffiliated collegescolleges
�� RegularRegular faculty(Professorsfaculty(Professors 96) 96) 192192

�� RegularRegular visitingvisiting scholarsscholars 1919

�� OccasionalOccasional visitingvisiting scholrsscholrs 2828

�� NonNon--teachingteaching staffsstaffs 125125

�� AssetsAssets as of 2004as of 2004
�� Land in Ha Land in Ha 4545

�� BuildingsBuildings in m² in m² 20,60020,600

�� EnrolmentEnrolment as of 2004as of 2004
�� StudentsStudents in in sixsix schoolsschools ((NaturalNatural sciencescience, , 

Management, Engineering, Management, Engineering, MedicalMedical

sciencescience, Arts and , Arts and EducationEducation)  )  

2,2122,212

�� AffiliatedAffiliated collegescolleges in in sixsix different different 

programsprograms 3,5193,519

�� Academic Academic degreedegree as of 2003as of 2003

�� GraduateGraduate diplomadiploma, , BachelorBachelor 1,8441,844

�� Masters and Masters and PhDPhD 393393

EstdEstd. in 1991 as University. in 1991 as University
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Student research project for SHSStudent research project for SHS

�� TwoTwo PVPV--panelspanels mountedmounted
on 30 on 30 degreedegree

�� ConnectedConnected differentiallydifferentially
withwith motormotor

�� ComponentsComponents::
�� PrimaryPrimary sensorssensors
�� SecondarySecondary sensorsensor
�� Frame and Frame and shaftshaft
�� GearGear and and pinionpinion
�� GearGear headhead motormotor
�� ScrewScrew jackjack
�� Underground Underground cablecable
�� BatteryBattery bankbank
�� WhiteWhite--lightlight emittingemitting diodediode

(WLED) (WLED) Info and  Photo: Info and  Photo: PandeyPandey et al, 2006et al, 2006
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Student research projectStudent research project……

�� Feature:Feature:

�� Main Main sensorssensors trackstracks sunsun

�� SecondarySecondary sensorsensor causescauses thethe

trackertracker returnreturn to original to original positionposition

in in thethe morningmorning

�� 5 V OCV 5 V OCV isis enoughenough to to tracktrack thethe sunsun

at at aroundaround 30 min 30 min intervalinterval

�� 45 W SHS 45 W SHS providesprovides energyenergy forfor 3 3 

WLED (3 W) WLED (3 W) forfor 5 5 hourshours//dayday

�� 17 17 householdhousehold cancan bebe benefitedbenefited

�� CostCost ~ 400 €/~ 400 €/systemsystem withwith WLEDWLED

Photo: Maskey, 2005Photo: Maskey, 2005

Source: Source: PandeyPandey et al, 2006et al, 2006
Photo: Maskey, 2005Photo: Maskey, 2005
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Energy gain due to tracking modeEnergy gain due to tracking mode

(13 March 2006)(13 March 2006)

TrackingTracking modemode

NonNon--trackingtracking modemode

V
o

lt
 

V
o
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Time of Time of thethe dayday Source: Source: PandeyPandey et al, 2006et al, 2006
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HighHigh--altitude Research Station altitude Research Station 

of Kathmandu Universityof Kathmandu University
�� Basic Basic criteriacriteria::

�� Solar Solar insolationinsolation (W/m²) at (W/m²) at 

thethe sitesite

�� LoadLoad growth growth patternpattern

�� ReliabilityReliability forfor operationoperation

and and maitenancemaitenance

�� PreferPrefer wellwell--provenproven locallylocally

manufacturedmanufactured partsparts

�� Least Least costcost solutionsolution

�� GreaterGreater participationparticipation of of 

stakeholdersstakeholders

�� CulturallyCulturally appropriateappropriate and and 

sustainablesustainable trainingtraining

�� Zero Zero ecologicalecological impactimpact

�� Features:Features:

�� FourFour fourfour--modulemodule 300 300 

wattwatt SHS SHS withwith selfself--

trackingtracking systemsystem

�� KU‘sKU‘s Solar Solar waterwater heaterheater

InstrumentationInstrumentation

�� Solar Solar cookerscookers SKSK--1414

�� SixSix--batterybattery bankbank 8 x 100 8 x 100 

AH @ 12 VDCAH @ 12 VDC

�� ArmouredArmoured cablecable
Photo: Photo: ZahndZahnd, 2004, 2004

Photo:: Photo:: ZahndZahnd, 2004, 2004
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Projects grown out of successful Projects grown out of successful 

student research projectsstudent research projects

�� TwoTwo rod rod 

heatersheaters (700 (700 

and 300 Watt) and 300 Watt) 

�� Electronic Electronic loadload

controllercontroller

60 HH60 HH�� PicoPico--hydrohydro

�� 1000 W1000 W

�� ThreeThree 11--Watt Watt 

WLED/HHWLED/HH

�� Warm Warm waterwater

heatingheating systemsystem

KholsiKholsi villagevillage

HumlaHumla

LoadLoad 250 Watt250 Watt

�� SmokelessSmokeless

stovestove

�� PitPit latrinelatrine

�� DrinkingDrinking waterwater

systemsystem

63 HH63 HH�� FourFour 75 Watt 75 Watt SelfSelf--

trackedtracked SHSSHS

�� ThreeThree 11--Watt Watt 

WLED/HHWLED/HH

�� Underground Underground 

cablecable

�� 12 V 12 V BatteryBattery bankbank

((sixsix 100 AH)100 AH)

ChauganphayaChauganphaya

HumlaHumla

LoadLoad 300 Watt300 Watt

RemarksRemarksBenefiBenefi--

ciaryciary
RAPS TechnologyRAPS TechnologyProject Project areaarea

Source: Source: ZahndZahnd, 2004, 2004
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Project implementation processProject implementation process

All photos source: All photos source: ZahndZahnd et al, 2006et al, 2006
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Holistic community developmentHolistic community development

All photos source: All photos source: ZahndZahnd et al, 2006et al, 2006
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Observation and ConclusionObservation and Conclusion

•• RAPS System: crucial for rapid rural electrification RAPS System: crucial for rapid rural electrification 

•• Basic needs: LightingBasic needs: Lighting--smokeless stovesmokeless stove--clean waterclean water--latrinelatrine

•• RET project should be integrated with HCD projects RET project should be integrated with HCD projects 

•• RET must be tested well on site for community acceptanceRET must be tested well on site for community acceptance

•• Key aspects: appropriateness and sustainableKey aspects: appropriateness and sustainable

•• Need for more HighNeed for more High--altitude research stations of KUaltitude research stations of KU

•• PVPV--based selfbased self--tracking system achieves 40% of power gaintracking system achieves 40% of power gain

•• PVPV--based selfbased self--tracked RAPS system: a cheap solution tracked RAPS system: a cheap solution 

•• Design of control system to follow sun during cloudy daysDesign of control system to follow sun during cloudy days

•• Possibility for PVPossibility for PV--WindWind--hydro hybrid system: research area for KU hydro hybrid system: research area for KU 
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