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Abstract

The paper presents a comparative study of the 3 msesl solar PV module technologies in Nepal, wiaiehSi-mono-crystalline, Si-poly-
crystalline and Si-amorphous. The aim of the papeto present and discuss the recorded Global ®datiation, received in the
Kathmandu valley by three different, Si-mono-crilste, Si-poly-crystalline and Si-amorphous caltieh solar cell pyranometers and to
propose the best-suited solar PV module techndlogyoof top solar PV systems inside the Kathmauwdiley. Data recorded over the
course of seven months, thus covering most of desanal meteorological conditions determining Kathdu valley's global solar
radiation reception are presented. The resultatelithat the Si-amorphous pyranometer captureg®d dore global solar radiation than
the Si-mono-crystalline and 18.4% more than Si-uolstalline pyranometer over the course of sevemnths. Among the three
pyranometer technologies the maximum and minimulintemperature was measured by the Si-mono-crysgaflyranometer. Following
the technical data and discussion, an economiedysis, using the versatile software tool PVSYSTO04%s used to calculate the life cycle
costs of a 1kW roof top solar PV RAPS system, \ittery storage, and a 1kW roof top solar PV gddnected system with no energy
storage facility, through simulations, using averagcorded global solar radiation data for the Kidlley and investigated market values
for each solar PV module and peripheral equipmesitsc

Keywords: Solar PV module, Global solar radiatiBgranometers, Unit cost, Life cycle, RAPS systemid Gonnected

1. INTRODUCTION systems, medium or large scale power plants. But

there are some particular issues with the buildind
It is well known that access to improved energymaintaining of medium and large scale hydro power
services is one of the key factors for sustainableplants which are important, especially within swch
development. The more urbanized areas around thfeagile and unique ecosystem and environment as in
globe, and till recent years as well in KathmanduNepal, and thus have to be taken in due time into
Nepal, have taken it for granted that they havees&c consideration. Some of these issues are:
to electricity around the clock, without really The utilization of hydropower is very site specifind
considering what and when they plug in theirthus needs detailed feasibility studies, including
equipment. But the recent 20 hours/day load-shgddinstudies of the impact to the local communities’ialbc
during the dry season (e.g. in February 2009) a@d 1 cultural and economic context, alongside detailed
hour load-shedding during the rainy season hagébrc EIAs (Environmental Impact Assessment) studies of
us to learn the hard way the actual value of havinghe unique, fragile and often still pristine envingent.
readily access to electricity. It's not that Nepab not In most cases the needed energy services are
the needed natural and renewable resources. Igeographically different from where the hydro
contrary, Nepal is blessed with one of the mostresources are, demanding long, expensive to bodd a
abundant renewable water resource to generatmaintain access roads and transmissions lines.
electricity. The average annual discharge of therov
6000 rivers with about 225 billion cubic meters,
flowing from the high altitude Nepal Himalayas down
to India, losing an average height of around 400
meters within a north-south distance of just 100-20
km, create an economical feasible power generatiop

arge scale hydro power plants.

potential of around 42000 MW Hydro power plants, especially built in remote, thig
Apart the huge potential of hydropower, Nepal hasaltitude areas, pose significant changes to thatagu
localized wind resources, geothermal resourcessystem of a river and its surrounding ecosystem.
biomass and receives abundant solar power, equalMepal’'s different climatic zones, with each zone's
distributed all over the country. Undoubtedly, ydr own unique and pristine flora and fauna, are sosthi
power plants are the most applicable, long-terma®ou and kept alive by the streams. Thus, any significan
to fulfill Nepal's growing load demand, be it as R8& changes to the flow and landscape pose unpredictabl

Hydro power plants are long-term projects and take
years to be built. This has to be considered throut
dhe planning and execution. Thus, long-term, realis
energy planning is needed at the government |agel,
no sudden energy gap can be met with medium and
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long-term stresses and changes to the

downstream ecosystem.

The building of hydropower plants is very cost

intensive. This is in particular the case for Nemath

river'solar power plant can take place within a time fam

of weeks or months rather than years, and thus a
potential forthcoming short term energy demand
growth can be taken into consideration.

its rouged and remote areas, geological instaldksro Due to the solar PV technology’s nature there is a
and mountain layets Thus not just the buildings of clear boundary to each solar PV project, making it
the power plant, but as well the transmission andsave for the local communities and environmenth wit

maintenance costs are immense.

no impact beyond its geographical project location.

Nepal's fragile and unique environment present newlhus solar PV arrays or power plants pose no grave
and very challenging engineering problems, whiah ca danger to the ecosystem up- or down-stream.

mostly not be tackled with standard engineering

solutions.

Being a “motionless” technology, once built and in
operation, a solar PV system demands only minimal

In the context of Nepal, with its remote areas andoperational and maintenance effort, which can be
steep valleys, hydro power plants with storage damseasily carried out by locally trained people. Being
would most of the time demand considerablelocally built, operated and maintained, with theveo

resettlements of the local, indigenous people gsolip

locally consumed, solar PV systems are also often

is well known that this poses always unforeseemsoc owned by the local community. That creates a strong

and cultural problems.

The building and operating of large scale hydro @ow

ownership, an important social parameter for a long
term sustainable project.

plants in remote areas in Nepal poses great clggten No applied technology has only positive points,sthu
in regard to the protection and maintaining of thealso solar PV systems do have their shortcomings an
wildlife. Access roads, often changing the localinherent limitations which need to be known ancetak

landscape significantly, raise

significant into consideration for

any project. The main

environmental as well as social issues. They ate nshortcomings and limitations are:
taken as serious as they should be due to thedfack Solar energy is an intermittent energy resources th
needed policies (such as environmental protectiondemanding some kind of energy storage (usually lead

proper EIA, re-forestation and minimal

laborer acid batteries) if power is needed during the no-

policies), sound planning and engineering, alorgsid sunshine periods.

the needed infrastructures.

Solar energy, compared to the non-renewable, fossil

While hydro power is and will continue to be Nepal' energy resources, is a low energy density resource,
main energy generation resource, the utilizatiod anwith a maximum of around 1,000 watf/rimcoming
conversion of the abundant, at the place of thelede global solar radiation at a good, sunny day. This

energy, available solar energy through

solarinherently demands much bigger plant sizes fordrigg

photovoltaic arrays, poses often underestimatedl goopower demands.

opportunities. Solar PV power plants can be irsthall
in almost any specific site, thus generate powe
wherever required. With today's available different
solar PV technologies it is suitable for most oé th

geographical and climatic locations. The buildifgao

! Nepal is “sandwiched” between two major tectonlatgs, the
Eurasian Plate to the north and the Indian Platbéasouth. Three
major thrust faults from East to the West have hdentified within
Nepal's short North-South distance of 100-200 krhe Trectonic
Plates, being in constant motion towards each otaerse an under
thrusting of the Indian lithosphere beneath thehéigelevated
Himalayas and Tibet lithosphere, the Eurasian Plaie estimated
that up to half of the continuing convergence betwéndia and
Eurasia is absorbed by under thrusting of the mdighosphere,
beneath the Himalayas and Tibet, at a rate of imagd 50mm
per year towards the North. Antoine (2004) stdtest vertical
displacement rates, expressed with reference t&#mgetic plain,
indicate current uplift of the high Himalayas atr@per year. Three
of the big Nepalese earthquakes (in 1905, 1934 18%0D, with
magnitudes around 8 on the Richter Scale), weresethiby a
sudden under thrusting of the Indian Plate benéa¢hEurasian
Plate and the resulting, abrupt release of, gigaamthounts of
energy. Most of the earthquakes occur where sontbeobiggest
urban and rural settlements are located. Thus Napdlmost of its
population, is under a permanent threat and feaganthquakes,
which are therefore also of permanent danger toiuneénd big
scale hydro power plants.

IPresently, the solar PV technology is still an exgdee
technology, considering the conversion, or the kWh
unit life cycle cost.

For most of the present available solar PV
technologies, excessively high ambient temperatures
and high air pollution affects the power production

The present power shortage in Nepal under which, in
particular the more urbanized areas suffer is not a
short term problem. Rather it is a long-term prable
we have become the victims of, due to wrong and
inadequate decisions taken by the government 10-15
years ago regarding the urgent needed expansion and
building of new hydro power plants. Further, the
narrow focus, to concentrate all effort on the
exploitation of a single energy resource, is also
inadequate and needs to be revised, so that al loc
available renewable energy resources can be tapped
to enhance and improve the access to electricity. °

In order to work towards this change, this paper

addresses the important issue of understanding the
different power and energy production possibilitids

the three major, in Nepal available, solar PV



technologies, which are Si-mono-crystalline, Siypol
crystalline and Si-amorphous.

In order to find out the best solar PV modul
technology with regard to the highest annual ener
generation for the Kathmandu valley’s meteorologic
conditions over the year, RIDS-Nepal and th
Kathmandu University have started the long-tert
research project, measuring of the received gloh
solar radiation on each of the three main solar H
technologies. In the main RIDS-Nepal offices i
Imadol, Kathmandu, three different types o
Pyranometers, one Si-mono-crystalline, one Si-pol
crystalline and one Si-amorphous have been indtall
in November 2008. Under the same ambie
conditions these three different calibrated sol& PF
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cell pyranometers will measure the actual capturs
global solar radiation, thus providing first haridld
data and results to identify the most efficient an
highest energy producing solar PV technology fer th
Kathmandu valley’s context.

2dfigure 2: Wave length spectrum sensibility of tlET pyranomete
used in the global solar irradiation measuremddask Blue: SENSOL1
dSi-mono-crystaIIine and Si-poly-crystalline; Greer8i-amorphous;
Marine Blue: Light wave spectrum of light with anrMass of 1.5, or
light going through the atmospheric air mass arathing our ground
equaling at about an angle of 46°). The visibleavspectrum is betwee

380 — 780 nm.

2. METHODOLOGY

2.1 Research Station
The geographical location of the RIDS-Nepal offide
Kathmandu (the research station) is:

Latitude: 27°40'04.70" North
Longitude: 85°20'31.55" East
Altitude: 1,350 meters above sea level
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IZET 3i-mono-crystalline Solar
Radiation 3ensor:

[BET 3ipolyeryetalline Sola
Fadiation Sensor;

IBET  Biamorphous  Solar
Radistion 3 ensor:

2.2 Data Taker DT80 (Data logger) ®

The data Taker DT80 is a smart data logger, which
provides an extensive array of features that altaw

be used for a wide variety of applications. The DT8
is a robust; stand alone, low power data loggeh aat
inbuilt memory for long-term data storage, a USB
support to download data in a remote station withou
access to a PC or the Internet, 18-bit resolution,
extensive communications capabilities and a display
The DT80’'s Dual Channel concept allows up to 10
isolated or 15 common referenced analog inputsto b
used in many combinations.

The three different ISET solar radiation pyranomsete
are connected to the Data Taker DT80 via 20 pairs
connecting cable (each wire of @0.4mm). Figure 3
shows the schematic diagram of the experimentapset

Iilodel Sexial Mo.: 01749
Calibration  Value:
(1,000W i, @ 25°C) {1,000W/nd, @ 25°C) (1,000Wre, @ 25°C)
Terap. Coefficient Lo = H0.060 | Terp. Coefficient Iy = H1.008 % Temp. Coefficient
H1.015) %G, =25°C °C, =25°C HLOAST, =25°0

Figure 1. The three different pyranometer usedatercept the global
solar radiation.

Ivibde ] Serial Ho.: 40043
Calibration Value:

Mlodel Serial Mo : 00972

92 8m¥ 108 2mV  Calbration  Value:  106.5m¥

IEY

Three pyranometers, a Si-mono-crystalline, Si-poly
crystalline, and Si-amorphous are installed onrtod

of the research station, each accompanied by
thermocouple (PT1000) sensor. The calibratg
pyranometers measure the global solar radiation g
the thermocouple sensors measure the cell tempera

DataTaker OT 80

Palycrystalling

These solar radiation sensors contain PT10

Figure 3: Experimental set up of measuring and roddog each
0 ranometers’ data

temperature sensors. The PT1000 is a tempera

ure

sensor which has 1,000 resistance at 0°C and Three different pyranometers are connected to éte d

increases by 3.&% per 1°C rise >0°C

taker DT80 as shown in Figure 3 so as to record the
global solar radiation by three different pyranoenst
Along with this, we connect the thermal sensors
PT21000 in order to record the cell temperatureashe



pyranometer which is indicated by PT1 and PT2
shown in above Figure 3 in each pyranometer.

2.3 Solar Path Diagram
The Solar path diagram indicates the position ef {
sun relative to the position of the pyranometers.
Figure 4 the annual solar path diagram, in rectimgu
coordinates for the RIDS-Nepal office research isite
Imadol, Kathmandu is provided.
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Global Solar Radiation Intercepted by the three Pyranometersin April in kWh/mzlday
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Figure 5: Global solar radiation, measured with these differen
pyranometers, for April 2009
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Figure 4. Solar path diagram of the research st§RiDS-Nepal
office) in Rectangular coordinates

2.4 Results

The global solar radiation intercepted during April
2009 by the Si-amorphous and Si-mono-crystalline
pyranometer is greater than that intercepted bySthe
poly-crystalline pyranometer. Thus we can conclude
that energy production level of Si-amorphous and Si
mono-crystalline Photo Voltaic (PV) panels will be
measurable higher than that of Si-poly-crystalline
panels under the same meteorological and
environmental conditions during the more clear sky
spring season in the Kathmandu valley.

are installed and record data. Though some init

technical and software problems prevented us thus f

to have a full year’s data, in the following sonfette
available months’ data and graphs for the globkdrso
radiation intercepted by the three

'%mperature recorded by the pyranometers. Thus the
is a negligible loss difference in the energy gatest
caused by increased temperature among the three
different solar PV panel technologies tested urtder

differentsame meteorological and environmental conditions.

pyranometers are presented. In order to cover #ia m

seasonal variations, graphs for three different thrmn

April, June and September 2009, representative
three of the four different seasons in the Kathrman
valley, are presented. Each month’'s average glo
solar radiation is calculated and is presentedgaaith
the graph of the respective month.

Further, the average of the total global solaratain

for the seven months data is calculated and prede
as graphs. Averaged pyranometer temperatures
each pyranometer technology, along with the

maximum and minimum values are presented in a.tab

Analyzing the average global solar radiatio
intercepted, and the working temperatures of edch

Global Solar Radiation Intercepted by the three Pyranometersin Junein kWhlmZ/day
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Figure 6: Global solar radiation, measured with tihee differen

the three different pyranometers, results

in the,
recommendation of the best solar photovoltaic medul

yranometers, for June 2009

technology for the Kathmandu valley in regard toThe average values recorded by the three different
generating the maximum energy over the courseeof thpyranometers for the month of June are:

year under the same meteorological conditions.

Si-mono-crystalline records 4.827kWH/per day

The average values recorded by three differensi-poly-crystalline records 3.747kWhimer day

pyranometer for the month of April are:

Si-mono-crystalline records 5.297kWH/per day
Si-poly-crystalline records 4.692kWhimer day
Si-amorphous records 5.209kWH/per day

Si-amorphous records 4.840kWH/per day

The global solar radiation intercepted during June
2009 by the Si-amorphous and Si-mono-crystalline
pyranometer is again greater than that intercepted



the Si-poly-crystalline pyranometer. Thus we canmeasureable higher energy produced by the Si-
conclude that energy production level of Si-amorphous and the Si-mono-crystalline PV panels
amorphous and Si-mono-crystalline PV panels will becompared to the Si-poly-crystalline pyranometeraind
again measurable higher than that of the Si-polythe same meteorological and environmental condition
crystalline panels under the same meteorologicdl anduring all three different seasons present in the
environmental conditions during the more cloudegl sk Kathmandu valley.

late spring and early rainy season in the Kathmand

valley. the following graph (Figure 8) shows the averaged

hourly daily global solar radiation values intertp
There is no considerable difference in averagey the three different pyranometers in \W/aver the
temperature recorded by the pyranometers. Thuse thecourse of seven months thus covering three ofdbe f
is a negligible loss difference in the energy gatest seasons prevailing in the Kathmandu valley.
caused by increased temperature among the thréelditionally, the pyranometers averaged hourly ail
different solar PV panel technologies tested urider cell temperatures are as well presented.

same meteorological and environmental conditions.

Hourly Average Global Solar Radiation Inter cepted by the three Pyranometersin W/m?

Global Solar Radiation Intercepted by thethree Pyranometersin September in kWh/m2/day
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Figure 8: Hourly averaged global solar radiatiod asll temperaturg

Figure 7: Global solar radiation, measured with titvee different| | of 3 different pyranometers
pyranometers, for September 2009

_ The above graphs show that the average global solar
The average values recorded by three differenfadiation captured by the Si-amorphous pyranometer

pyranometer for the month of July are: is 4.987kWh/rf per day. This is +1.57% higher than

the Si-mono-crystalline pyranometer (4.910kWh/m
Si-mono-crystalline records 5.432kWH/per day per day) and +18.4% higher than the Si-poly-
Si-poly-crystalline records 4.458kWhiper day crystalline pyranometers (4.212kWH/nper day)
Si-amorphous records 5.575kWH/per day recorded.

The global solar radiation intercepted during 1hUS, we know that among the three different
September 2009 by the Si-amorphous and Si-mond2Yranometers analyzed under the same meteorological
crystalline pyranometer is again greater than thafonditions, the Si-amorphous pyranometer recorded
intercepted by the Si-poly-crystalline pyranometer.th® highest average global solar radiation val&es.
Thus we can conclude that energy production leel f not significant d|_fferent are the values recordgdte

the Si-amorphous and Si-mono-crystalline PV panelsi-mono-crystalline pyranometer. But, the values
will be measurable higher than that of the Si-poly-récorded for the Si-poly-crystalline pyranometee ar
crystalline panels under the same meteorologicdl anconsiderably lower in comparison to the other two

environmental conditions during the late monsocsh an Pyranometers. In contrast, the averaged temperature
early autumn, more clear sky, conditions. graphs for each of the pyranometers’ cell QO notsh
considerable differences. However, the Si-amorphous

There is no considerable difference in averageand the Si-poly-crystalline measured values aréx bot
temperature recorded by the pyranometers. Thus theslightly  higher than the  Si-mono-crystalline

is a negligible loss difference in the energy gate®f  pyranometer cell. Comparing the minimum cell
caused by increased temperature among the thregmperature attained by the pyranometers, we fiadl t

different solar PV panel technologies tested untder the Si-mono-crystalline pyranometer attained the
same meteorological and environmental conditions. |owest temperature value whereas the Si-poly-
crystalline and the Si-amorphous attained the Hghe

In all three months presented, the intercepted ajlob ~'Y>
minimum cell temperature values of 48.4°C (Table 1)

solar radiation values show very little differences
between the Si-amorphous and the Si-mono- bl  th ind odord
crystalline pyranometers, but clear lower values fo | 2Ple 1 presents a summary of the main data redorde

the Si-poly-crystalline pyranometer. That results i



Hourly average | Minimum Maximum connected PV system with no battery bank back-up.
Pyranometer | global solar | cell cell The simulation is performed only with the Si-mono-
type radiation temperature | temperature| ” | PV t h |

(kWhinfiday) | (°C) °C) crystalline solar echnology
frl;/rgtglrllge 4.910 163 46.6 The payback period of the PV system is one of the
Si-poly- very important factors; thus the definition andigiels
crystalline 4212 19.5 48.4 for the feed-in tariff are of crucial significancAs of
Si-amorphous | 4.987 17.0 48.4 today, Nepal does not have yet any government

approved and defined values for the feed-in tdaff
The PT1000 temperature sensors measure thie energy produced from solar PV grid-connected
pyranometer cell temperature of each pyranometepower plant.
under the same meteorological conditions. Thus; the
are directly comparable with each other. The resplt We analyzed a stand alone system with three differe
data show that there is no considerable differénce daily user loads. They are:
temperature attained by three different pyranorseter « Case 1: 3.2 kWh per day (system with least

The minimum cell temperature is attained by the Si- loss of load),

mono-crystalline pyranometer whereas the maximum . Case 2 : 4 kWh per day (optimized system)
cell temperature is attained by both the Si-amougho and

and Si-poly-crystalline pyranometers. « Case 3 : 5 kWh per day (most economical
The data reveals that there is no significant diffee system),

in the different pyranometers’ cell temperatures”ll the systems have the same initial investment of
causing significant, measurable differences inNRS. 675’740 and running cost of NRs. 18'059 per
generated energy due to increase losses caused ¥§ar With 3 days of autonomy.

high temperatures under the same meteorological ang

environmental conditions. Casel . o
A load of 5 kWh per day is the upper limit for &W

All three different pyranometers recorded the globasystem, and thus results in the lowest energy abst
solar radiation over the course of seven month®und NRs. 45.8 per kWh. The unused energy (considered as
the same environmental and meteorological condition|oss) of the system’s total energy produced (1388 k
Thus they can be directly compared with each otherger year) is only 0.4 %, or 7.1 kWh per year. As th

The resulting data show that there are measurablglstem is designed for a minimum unit cost it has a
differences between the various solar PV technelgi high, average loss of load (LoL) fraction of 26.3%
used under the same conditions. The data shows thatoyer the year, with maximum LoL values of 50%

is important, especially for small solar PV systéots  quring the rainy season. This will be for many sase
rural and remote places, to choose the most efficie ynacceptable. On a positive note, this system has a

solar PV technology for a defined context. Thus,high annual performance ratio (PR) factor of 69% as
based on the recorded data for the Kathmandu valleymost all the energy generated is consumed.

the Si-amorphous PV module would generate the

highest overall annual energy vyield, closely folémiv Case?2 _

by the Si-mono-crystalline, though with a still mle For @ user's load of 3.2 kWh per day, the unit gper

higher annual yield predicted energy yield than$ihe ~ COSt is NRs. 54.6 per kwh. This iOS due to the highe
poly-crystalline PV module. fraction of unused energy of 21.4%, or 404 kWh per

) . year. But this system has a much lower average LoL
Beside the need to know which solar PV technologyactor of 4.7%, providing the user 95.3% of time
promises the highest energy yield for a definedrejiable energy throughout the year, including 8.7
context, the economical analysis, defining the unitayailability during the worst season. This high
(kwh) cost of the solar PV module generated ower it qyailability comes of course at a cost, which means

life cycle, is another important key factor to cioles  that the average PR value of 57.9 % is significant
before the final decision for a defined solar PV|gwer.

technology can be made for a known context. The

following chapter, with various cost analysis, Case3 .
considering all necessary parameters to simulate thFOr & user's load of 4.0 kWh per day, the unit gper
life cycle costs for solar PV system with Si-mono- COStiS NRs. 47.2 per unit. The unused energyfrss

crystalline PV modules, will provide some indicatiy this system is 6.9%, or 130 kWh per year. The
answers. averaged LoL factor is 11.5%, with up to 34.5% for

the worst season during the summer months of the

monsoon. That means that on an average this system
3. ECONOMICAL ANALYSIS* provides 88.4% of time throughout the year the

demanded loads. The PR value of 67.0% makes this

The economical life cycle analysis is carried oithw system an optimized system among the 3 systems
the software PVSYST V5.01 for a 1kW solar PV simulated.

stand alone system, with a battery bank and a grid-




Besides the above results, the analysis also shatv t meteorological conditions, considering the used
the losses in regard to non-maximum power poinéquipments’ data measuring accuracies, it is
(MPP) energy generating conditions increase slghtlreasonable to conclude that Si-mono-crystalline and
with respect to the higher user loads. Howeverutiie  the Si-amorphous solar PV modules perform both
cost of energy varies with the defined users’ dailyequally good and measurable (within the
needs thus creating the different performance réfi® instrumentations’ accuracy range) better than $j-po
energy losses, as well as the different life timerystalline solar PV modules on an annual energy
expectancies (and thus costs) of the battery bank.  yield basis.

With regard to the 1kW grid-connected solar PV Therefore, we recommend using either Si-amorphous
system, the simulations brought forth the followingsolar PV modules or Si-mono-crystalline solar PV
results. Considering the different types of lossesnodules within the Kathmandu valley for both, RAPS
occurring during the energy generation, the 1kVd-gri systems with a battery bank back-up and for grid-
connected plant produces around 1,487kWh per yeaconnected systems.

The total initial investment for the 1kw grid- Further, we recommend that Si-amorphous solar PV

connected system is NRs. 6’01'160; resulting in NRs .
27.3 per kWh. Assuming a feed-in tariff (FIT) of MR modules are considered due to there lower purchase
2P ' 9 ~__cost per rated watt, if the roof top surface is big

30 per kWh (nearly equal to the cost of energy
. : “enough to accommodate the more space needed
production), the pay back period for the system is )
13.47 years system, as Sl-ar_n(_)rph(_)us solar_ PV modules are
’ ' roughly half as efficient in converting the intepoed
If the FIT is NRs. 50 per kWh, the pay back period global solar radiation into direct current eledtyic
the system will be 8.08 years. However, in the abse compared to Si-mono-crystalline, or Si-poly-
of a defined FIT and thus a feed-in unit energyt coscrystalline PV modules. If the needed roof top spiac
paid equal to the 2009 cost charged by NEA of NRsnot available we recommend that the Si-mono-
10 per kWh, the payback period is very long, 41.42crystalline PV modules provide the most appropriate

years and thus unrealistic. This shows clearly howsolution.

important it is that a long-term government apptbve |, ,. . .
and promoted FIT exists under which independenW'th regard to higher altitude areas and the_ use of
sglar PV systems, we recommend that Si-mono-

i?ﬁgi}g?ﬁéem owners can generate energy and fe%rystalline modules are used as they have on an

average about a twice as high negative temperature
From the two main different analyses for a RAPS andncreased power generation loss coefficient compare
a grid-connected system we clearly see, that tiseae to the Si-amorphous PV modules. That means that if
significant difference in unit cost. The energy tuni the PV modules run in cold areas, below the defined
produced by the RAPS system is very high (NRs. 45.8TC conditions of 25°C, the Si-mono-crystalline
— 54.6 per kWh) in comparison to the energy unitmodules generate proportionally more power than the
produced by the grid-connected system with NRsSi-amorphous PV modules. Further, as the Si-mono-
27.3 per kWh. It has to be mentioned, that thecrystalline are today still about twice as effidien
economical analysis were carried with only 2.5% ofcompared to the Si-amorphous PV modules, they are
interest on loan and without including any subsidie smaller and thus lighter and thus easier and lestyc
Hence if subsidies are available and consideredp be transported (often by air, and porters, asethre
significant differences in the overall lower unitsts no drivable roads) to the remote mountain regions.

can be expected. . : :
P The economical analysis showed that we have various

options to provide to an end user. There is thetmos
4. CONCLUSIONS & RECOMMENDATIONS economic solution in regard to the lowest energy un

cost, able to provide the highest daily averagel loa
The paper analyzes the global solar radiatiordemand though with strings attached in regard to
measured with three different pyranometersignificant higher and longer times of not beintgab
technologies (including each one’s temperatureesjlu meet the expected load demands, especially duning t
at the RIDS-Nepal office in Imadol, Kathmandu. rainy season. Thus this system can be promoted to
Based in these results, the overall best performingisers who want the maximum daily average load, and
solar PV technology, with regard to the highestuahn do not mind, or can accommodate their load demand,
energy generation, was identified for a roof top PVif they have increased and more frequently no power
system installation in the Kathmandu valley. Amongavailable during the monsoon time.
the three pyranometers analyzed, the Si-amorphou.is

and the Si-mono-crystalline recorded higher, and, .o "\ iahility of electricity at any givemd of
within their accuracy range considered to be abou 9 y Y Y9

equal, intercepted global solar radiation values inuhneit }c/ﬁztr. ;ht?]teCszﬁispstsasfé%'zgggg ?(I)gtf)lgirggresrgy
comparison to the Si-poly-crystalline pyranometer. ' Y ’

Thus for the Kathmandu valley’s seasonal and annua\l'i”th regard to the daily load demand. But this eyst
IS the one to be promoted to users who put great

he second simulation option provides the highest



emphasis of readily and sustainable electricity
availability throughout the year with a minimum of
LoL at any time of the year, and for that they are
willing to pay for a noteworthy increased unit cost

Third, there is the solar PV system which preséms
averaged solution of both the above identified and
described systems. It provides reasonable and
acceptable availability of electricity for the asge
consumer, willing to have some longer times no
access to power during the rainy seasons, butlés ab
for the rest of the year to provide on an averagegy

to greater/more load demands at lower cost.

These simulations show that the economical analysis
provides the users with a great varieties and biéti

for the design and use of a solar PV system. dinal

the end user to identify the system needed and thus
have the overall most economical conditions foirthe
needs and demands.

The results and analysis of the grid-connectedr sola
PV system clearly shows, that much more intensive
investigations and discussions are needed with the
government to come up with a long-term FIT policy
which enables the users to be motivated to invest i

a roof top solar PV system and feeding the gendrate
energy into the grid, in order to provide a redist
solution to the present, and for the next decade
ongoing, electricity shortage within the Kathmandu
valley.

Some obvious recommendations for policy makers
would be the introduction of seasonal tariffs, more
flexible policy in order to encourage more
independent power producers to feed into the grid,
with more strict laws for activities such as misuse
theft or leakage of energy. Above all, to promdte t
solar PV technology and the use of renewable energy
the government should develop appropriate policies,
with realistic long-term subsidies and FIT laws.

This all will help Nepal and its people to have wi
rather short time, compared to the building of rizgv
hydro power plants, good solution to the present
power shortage. It also inspires the potential new
renewable energy producers and helps to raise
awareness of Nepal's real richness, its renewable
energy resources.
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