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Abstract

A Photovoltaic system in the remote village of fiula Himalayan village in
Nepal, has been extensively monitored for the fi@smonths. This monitored
data was analysed to determine whether the desgrttions have been met in

the context of a remote rural community.

Battery voltage, solar radiation, PV output, tenaperes, load profile and
performance ratio were analysed to determine h@sgtstem components were

performing.

It was found that the system components operatednieably well, with the load
always being met. BB voltage stayed fairly constaith a low battery voltage
observed only after a system fault. Performance ratas well within the
expected range and the solar radiation values me&hsuere as expected. The
various prototype charge controllers sometimesndidoperate as designed and
high BB voltages were observed as a result. Thd lo@files were slightly

different to what was expected but still within #nerage daily loads range.

Photovoltaic electrification for small villages remote and rural locations is a
successful method of alleviating the impoverishéithges’ energy needs of
lighting within the home. The successful impleménota of the PV system in

Tulin could be a show case for other community ty@ent projects, since the
extensive monitoring over the past year has pravidsight to understand and

mitigate weaknesses. Tulin is one of the first @iy proposed PV electrification



systems and so the lessons learnt of whether itsrisedesign goals and its

performance outcomes provides valuable informdboriuture installations.
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1 Introduction

1.1 Background

Photovoltaic (PV) electrification in rural region$ developing countries has the
potential to alleviate problems associated with rpbealth, decreased life

expectancy, low literacy levels and environmenégrddation.

In the small mountain village of Tulin in northwest district of Humla, Nepal,
people were using smoky, tree resin wood splintadted “jharro” for night
lighting. The use of traditional biomass meant $tsewere being depleted, and
there was a high risk of respiratory health prolleand premature deaths
occurring due to indoor pollution. Also without ®&ble light it is hard for
children to read and learn at night. (Zahnd, ABS06) Tulin lies within the solar
belt of 30 N and thus enjoys a good solar resource. As {ad lmng-term
holistic community development (HCD) project thimal village has been
provided with a solar PV electrification system fighting in one of the Rural

Integrated Development Services (RIDS) —Nepal @nogr

(RIDS-Nepal) is a non-profit Social Non Governmé@aganisation (NGO) and
works in partnership with the ISIS Foundation, whis their main donor
organisation (RIDS, 2007). As part of the projé installed PV system in Tulin
has an extensive monitoring program allowing therafion of the system to be
carefully analysedThe program focuses on providing the “Family offdf’ each
family in the whole village; a term that refersarovision of a smokeless cook

stove, pit latrine, clean drinking water and liffm PV electrification, enabling



synergetic long-term benefits from each projectisT8tudy focuses on the PV

electrification element only.

Part of the problem with PV electrification in rueaeas is there is no foolproof
recipe for designing a successful PV dissemingirofect. (Stern, Richard.1995)
The aim of this study is to use the monitored datd ulin to identify how the

PV electrification system is performing and whaislens can be learned for

future such installations.

1.2 Objectives

The objectives of this study are to determine & thstalled PV system in the
Tulin village of Humla, Nepal is performing as egpel. This objective is
achieved by analysing the monitored data from Ttdietermine if the design
approach for an isolated Nepalese village has beetessful. The analysed data
is used to assess whether the system performancetished to the system’s
expected performance. To do this a number of questieed to be asked. Is the
solar resource as expected? What are the loadgadfHow are the batteries
performing? What is the output power of the arrajfrough analysis of
individual components’ performances, the questiay roe asked; how well is
the system performing overall? What is the PV sy&eerformance ratio? Can
the PV system provide the energy services as deg®yivhat are the limitations
of the system? By addressing these questions tleealbwobjective will be
addressed and a final question asked; what lessonde learned for the future

design of village PV systems?



2. System Description

Tulin Village

August 2006
ML g

Fig: 1. Tulin PV centralized electification viIIa. (Photo courtesy of Alex
Zahnd.)

Figure 1 shows the Tulin village with its centrallas PV system and the
surrounding houses that are powered by this arfdye system was designed for
27 homes but an extra home has been added betheé&me of installation and
the onset of monitoring the system. The dc retiedgower has underground
cabling to each of the 28 homes. To aid the rebeaspect of the Tulin project
an air heater was installed in September 2007ttasia dump load when the BB
was full. For the duration of this project the h@ater never really worked as it

was designed to. This issue is explored furth&eation 4.2.



Figure 2 gives a schematic of the centralised Pesy.

Charge Controlle DT8C

PV Array N }_li Battery Banl

Load 28 Homes w/ 3 W ea
|

Fig. 2: Schematic of PV Centralised System

2.1 Load estimation

The load estimation was calculated by combiningritneber of homes requiring

light, the number of lights per home and the exg@dength of time the users
would require the light.

There were 27 homes in Tulin village in the instidin year 2005. Each home
received three WLED (White Light Emitting Diodenias each consuming 1W
with a total of 81W. The lights are expected toused for 5-7 hours a day, and
so if the upper limit is used this would give aat®d1W * 7h = 567Wh per day. If

a conservative 20% additional power consumpticassumed for the losses over
the whole system the average daily energy reqisré67*1.2 = 680Wh rounded

up to 700Wh. The losses are transmission losseb, same distance to the

homes as far as 100m from the centralized PV sydteher contributing factors



are increased loads when RIDS-Nepal staff are colig data via laptops, and a

5-10% safety margin due to the remoteness of tfegei. (Zahnd, Alex. 2008)

The expected population growth is approximately.582 per year. With a
population of 200 people this becomes a populagiawth of 4 — 5 people per
year.

The required lighting needs were given as 5-15ftuxcommon indoor tasks
(cooking, cleaning, sitting, and socializing) an®5 lux for reading tasks and
home work and reading/studying for the children wattend school. (Zahnd,
Alex. 2007) Although these lighting levels are véow compared to Australian
standards, they provide better lighting than wasvipusly available through

traditional biomass methods.

2.2 Resource estimation

Tulin has the following geographical data: Latitudé 29°59'23.48" North,
longitude of 81°46'57.05" East and an altitude 872 meters above sea level.

(Zahnd, Alex. 2007)

As no local recorded solar irradiation data wadlalbke at the time of the design
of the Tulin village solar PV system, yearly mon#d data from the nearby
RIDS-Nepal High Altitude Research Station (HARS)Simikot was used to
approximate an average monthly solar radiation Tfatin. HARS has three
pyranometers (horizontal, 30° South inclined andadracking frame) and data
logging equipment to measure and record solar tiadia(Zahnd, Alex. 2004)
Simikot is approximately 3900m in air distance frdmlin, or 4 hours walk. A

monthly solar radiation profile for Tulin was estited by reducing the HARS



average monthly solar radiation values by 20%, mitret the Tulin lies deeper
in the valley and it has a higher horizon (by 152t degrees) than Simikot.
(Zahnd, Alex. 2007) Simikot global solar radiatiemlues from one year of data
are presented in Table 1 below, along with thevedted horizontal global solar
radiation values for Tulin, (calculated by decragsbimikot values by 20% for

each month.)

Table 1: Global Solar Radiation Data for Simikot ard Tulin.

Month Simikot Solar Estimated Tulin (20%
Radiation less)

Jan. 3.396 kWh/Aiday 2.177 kWh/rfiday
Feb. 4.133 kWh/Aiday 3.306 kWh/rfiday
Mar. 4.953 kWh/rfiday 3.962 kWh/rfiday
Apr. 5.650 kWh/mfVday 4.520 kWh/rfiday
May 5.082 kWh/Yday 4.066 kWh/rfiday
Jun. 4.454 kWh/fiday 3.563 kWh/rfiday
Jul. 4.331 kWh/rfiday 3.465 kWh/rfiday
Aug. 3.996 kWh/rf/day 3.197 kWh/rfiday
Sep. 5.025 kWh/Atday 4.020 kWh/riiday
Oct. 4.673 kWh/rfiday 3.738 kWh/rfiday
Nov. 4.386 kWh/rfiday 3.509 kWh/rfiday
Dec. 3.475 kWh/riday 2.780 kWh/rfiday

Yearly Ave. 4.463 kWh/fiday 3.570 kWh/rfiday

Tulin’s global solar radiation on the Plane of ArréPOA) is estimated to be
5.3kWh/nf/day. This estimation was calculated by using tresnred radiation
values for the POA global solar radiation on thecking PV frame system at
HARS in Simikot and applying the 20% reduction hessa of Tulin’s high
horizon due to the high mountain range 360° aro(@ahnd, Alex. 2007) This
measured data from Simikot are for the time penbdne year at the time of
design of the Tulin system. Since the design, tlyeses of solar radiation data
for Simikot have been collected and the averageeghave not changed much.

(Zahnd, Alex. 2007)



2.3 System Design
Back of the Envelope (BOE) calculations give anneste for the size of the PV

array and BB required to meet the desired load.

Array size = Load/ (PSH*temp derating factegs) (Equation 1)

= 700Wh / (5.3*(75-75*(0.44 %AT) * 0.75)

Assumptions:

*  Iar= battery efficiency, charging discharging of 75%,

temp derating factor = 0.44 %/ °C

PSH = solar radiation of 5.3 PSH.

Modules = 75W

AT = 60 C which is very high and was chosen to have saafegaard,
usually the PV modules are around 25-40° C abov@eat
Thus the PV array size is calculated:
= 700Wh / (5 .3* (75-(75*(0.44T/100)))* 0.75)) = 3.19 PV modules
@75W, output under assumed meteorological conditions.
Therefore 3.19 x 75WPV modules to be installed, but since the system24V

system it was rounded up to 4 x 7% RV modules.

Required Battery Bank Capacity #z{daily load)/DoD (Equation 2)

Wheren = number of days of autonomy, which is 3 days.

And DoD = maximum allowed depth of discharge, vahik 30%, then

Required BB capacity = 700Wh*3/0.30 =7000Wh,



The system voltage is 24V, therefore the BB capacif000/24 =292 Ah.

A BB of 6, 12V batteries of 100Ah capacity each westalled as a 24V system.
That means 3 parallel strings of 2 batteries eadivie a total installed capacity
of 300Ah, @ 24V. Thus the total BB's energy storegpacity is 24V* 300Ah =
7 200Wh.

The system was designed on the conservative sialdote for growth in the load

over the next 4-5 years and extreme meteorologimdiclimatic circumstances.

PVSyst4.1 design software was also used to catctitat appropriate PV system
size required for the village. (PVSyst4.1, 2007)
The following entries were made to PVSyst4.1:

» Geographical inputs including Latitude, longituddtjtude, global solar
radiation given in 2.2;

» Time zone for Nepal, given as time zone 6, whichag¢es to legal time —
solar time = Oh 33m;

» Albedo values for Nepal, given as (Nov— Mar) 0.@&pril — Oct) 0.20;
the albedo increases in the winter months becatuaeh@her reflection
due to the snow covered ground.

» User needs of 700Wh/day;

» Global solar radiation values on a horizontal stefgiven for Tulin, as
given in Table 1 above.

» System components (batteries, PV modules, regllasogiven in 2.4,

* Loss of load given as 5%;

* Manually adjusted monthly tilt angle of array betnes and 60;

» Daily East West rotation angle between °-aad 20



* Azimuth 20W of S;
* Horizon heights given as -18€85, -38=13, 38= 17, 179 = 35.
The results of the PVSyst4.1 analysis are presente@.7, Expected

Performance.

Figure 3 shows a schematic diagram of the smalé ¥ village in Tulin. Note
that the load has increased from 81W to 84W, betwhke time of installation
and monitoring the system. This was due to thedimgl of a new house Tulin
and given lights, which increased the number ofskesuo 28 and increased the

load to 84W.

| Solar Array: consist of 4 x 75W, 4.75amp (Isc),
21.4Voc BP solar Pant

! 3

2 4
— +
| | Air Heater to act as a
dump load in future
Charge Controller:
| = Load; consist of 28
homes with 3 lamps
Datataker DT80 each =84 lights at 1W

each = 84W

| Battery Bank: consists of three parallel strinof 2 x
12 volt, 100A/H batteries connected in series tvigle
€ 24V at 300A/H = 7.2kWh energy storage capacity

Fig. 3: Tulin PV System Schematic Diagram



Figure 3 shows the schematic diagram for the PV¥eaysn Tulin, designed by

Alex Zahnd and installed in April 2005.

The small scale PV electrification system was itetain the Tulin village of
Nepal in 2005. The system was installed as partaofong-term holistic
community development project, instigated and edrout by RIDS Nepal and

the Tulin village community. (RIDS, 2007)

2.4 System Components
The system components are chosen for their ratyabilith an emphasis on
sustainable spare parts, maintenance and local fanorng, due to the remote

nature of the Nepalese village, Tulin and the dgwalent of the local economy.

PV array

The PV array consists of four 75V\BP275F solar PV mono-crystalline modules
to give a total installed rated capacity of 30Q Wable 2 gives the specification

for the BP275F modules

10



Table 2: PV Module Specifications (from Specification Sheet given in

Appendix 1.)

Panel Specification

Manufacturer BP Solar
Product Spec. BP275F
Nomial Peak Pow: 75 Watt
Short Circuit Current (Isc) 4.75 Amp

Open Circuit Voltage (Voc) 21.4 Volts

Peak Current 4.45 Amp
Peak Voltage 17 Volts
Min. Power 70 Watt
Temp Coefficient 0.44%

The PV module has a 25 year life expectancy. TheirRAdiation diagram is
given in Appendix 2.

A single axis tracking with manually adjusted tikme mounts the 4x 75\\PV
modules panels to maximise their exposure to dsetdr throughout the day's
solar global radiation. It rotates east to wesbratically and back to east in the
morning and the tilt of the array is manually atigasby the local O&M trainee
bi -weekly or monthly according to the month of tear, adjustable from 5°

south (July) - 60° south (December).

11



2 x 2.5z PV modules to move tt
tracker automatically East -West

1 x 2.5\\z PV modules to move tt
tracker at sun rise from West to Ea|

4 x 75Ws PV modules provide lights
for the village

Fig. 4: Tulin’s PV array on tracking frame. (Photo courtesy of Alex Zahnd.)

Battery bank

The system has an installed battery capacity of 2800Ah. The system is a
24V DC system, therefore the battery bank (BB)sists of 6 x 12V Volta,
flooded lead-acid, deep cycle batteries, each ® Ah capacity. There are 3
parallel strings each of 2 batteries, giving altB& capacity of 7.2 kWh.

The battery specifications are given in Table dwel

12




Table 3: Battery Bank Specifications (PVSyst4.1 )

Battery Specification
Manufacturer Volta
Model 90SB
Capacity@ C20 rate and 20°C 100 Ah
Specific Gravity 1250 gram/liter
Battery cell Voltage minimal 1.75-1.85V
Battery cell Voltage maximum 225V -235V
Installed Capacity of BB 300 Ah
Installed Voltage 24Volts
Number of Batteries 6

The estimated number of days of autonomy for trsigteis 3 days.

BB’s life expectancy is 5-8 years if used as definEhe instructions for use are
as follows: a minimum BB voltage of 23.8 V, a maxim BB voltage of 28.8 V

and a max DoD of 30% after 3 days of no sunshimeayerage maximum DoD
of 10% per day, as given in the battery specifacegi(Zahnd, Alex. 2007) for 3

days gives a 30% DoD of the BB after 3 days witlsuan.

BB enclosure is a wood box sealed with local dung asulated with local
available pine tree needles. The wooden box wadlyomanufactured. The size
of the box is approximately.8.m long and 80 cm wide so that a distilled (rain
water) water plastic drum fits in the box. The bsxovered with a wooden lid

and has ventilation holes at the top and bottomlltaw any hydrogen generated

13



during charging to escape, and to keep the temperat an ideal temperature of

between 15 and 25 °C

Charge Controller

A charge controller was installed between the Pkayamand the batteries to
regulate the supply from the power source and tbept the batteries from too
low discharge. The charge controller specificatiaresgiven in Table 4 below.

Table 4: Charge Controller Specifications Zahnd, Alex. 200y

Charge Controller Specification

24 Volts

15 Amps in from PV array and 5Amps to the load

High Cut Voltage and start of trickle charging 8t8VvDC

Low Cut Voltage at 23.8VDC to protect the BB

These charge controllers are designed and manuacio Nepal by PPN (Pico
Power Nepal.) By design it cuts off the PV arraliew the battery is fully

charged and disconnects the load when the battaghes its low voltage cut out
of 23.8 VDC. The charge controller has outlets dotar, battery, load and air
heater. Due to the nature of the research progaaing the course of the
monitoring period three different charge contr@dlevere used. The first two
were pulse width modulators (PWM) and the third veasimple serial CC,

opening the PV array line to BB.

The various prototype CCs were tried and testegaas of the Tulin research
project. This was the cause some data loss and dBge highs identified at
different times (this is further explored in Seatid.2.5). A photo of the CC is

included at Appendix 3.

14



WLED:

WLED lights are also designed and manufacturedepalby PPN.
They have a life expectancy of >50'000 hours whglapproximately 20-25
years with 7 hours use a day. The WLED lights dmetions are given in Table

5 below.

Table 5: WLED Specifications (specification sheets are available at the

websites given as links in the table below.)

\White Light Emitting Diode (WLED)

Manufacturer Model Lumens/W Max. Current Voltage DC
Nichia NSPW510B¢ |24 20mA 3.6
Luxeon 30 350mA 3.6

Luxeon Staf

Installed WLED

Type No. of Diode! Wattage
Nichia NSPW510B 9 0.85
Luxeon Star | 1 13

Each home has two Nichia NPSW510 BS (9 diodes)amadLuxeon (1 diode)
WLED lamp installed. The Nichia NSPW510BS used hag8em/W and work
from 10VDC up to 30 VDC. Thus one WLED lamp with(RSPW510BS)
diodes, driven at 3.6 V 20mA has about 24 lumemngoming 0.85W) at an
angle of ~50 degrees. Each house has two NSPW5EIBS and one Luxeon

Star with about 30Im/W. Thus driven at 3.6V andr@80it has about 38 lumens

! http://www.nichia.co.jp/specification/led_lamp/N&B10BS-E.pdf
2 http://ww.lumileds.com/products/line.cfm?lineld=1

15



(consuming 1.25W) at an angle of ~110 degrees.ndahlex. 2007) A photo of

the lamps is included at Appendix 4.

Air Heater

The air heater is 24V and can take current up tarhiperes. The air heater was
installed in the system in March 2007 as part @ftlaer research project but was
not connected. In September 2007 the air heateccaasected. Although the air
heater voltage and air heater current were momittran the time of connection
there has yet to be any documented data to showthbaair heater has been
successful in dumping excess power. The potentiatife air heater to prevent
the BB from overcharging and enabling improved aacy of monitored data
such as PV efficiency exists and would improve f\é module efficiency. A

photo of the AH is included at Appendix 5.

Cables, wiring and switches

The copper cable between the PV array and changeotier (CC) to BB is 8
mm in diameter. The length of the cable from the &Ky to CC is 10 meters,
and from CC to BB is 2 meters with a life expectanot25 years. The size of the
copper cable from the BB to the various housessaaccording to the distance,
in order to minimise the voltage drop. The WLED fmmare designed to run
between 10V - 30 V DC so it is a matter of cosiceghcy to have a certain

voltage drop, as thicker cables (and thus with Ve#sige drop) is expensive

16



2.5 Monitoring System

The system is monitored using a DT80 data loggarrtteasures 22 parameters.
The datataker has its own energy supply from 2WZV modules. The
parameters monitored are outlined in Section 2k DT80 has an internal
memory of 64 Mb storage capacity; and the monitoi&ta is stored here until
the data from the DT80 is downloaded in Tulin usandSB memory stick by
one of two trained RIDS-Nepal staff members, Shemaé@lur and Avishek Malla.
This USB memory stick is carried by hiking to Simiikand then downloaded
onto the PC. The information is written on a CD ardt to RIDS-Nepal in
Katmandu. Where further data checking and graplpicdentation is undertaken,
at this stage the data were sent via email toukigoain Australia. The power to
the battery, load and air heater are regulatedhéygharge controller. They go
through their respective current transducers pldggéo the DT80.The
specifications for the datataker are found on tebsite:

http://www.datataker.com/Library/Product Data Ske&&/DT80 TS0059C6.p

df

2.6 Maintenance

Ongoing maintenance occurs at least bi-weekly @ewerally more often). At
these times, trained RIDS-Nepal staff visit Tulindatogether with the local
trained O&M trainee, check the BB distilled watemp, and Voltage, clean the

PV module and adjust the tracker.

17



2.7 Expected Performance
The expected performance was estimated using sefsoith PV Syst.
The relevant output obtained from PVSyst is presgim Figures 5 to 9, which

allows an estimation of the expected performandeePV system in Tulin.

Global Solar Radiation

Figure 5 shows the expected global solar radiaiioa horizontal surface.

Simul. variant: Simulation variant
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Fig. 5: Expected Global Solar Radiation on a horizotal surface

As can be seen from Fig. 5:

* The annual average horizontal solar radiation canekpected to be

1384kWh/n.

 This equates to 1384/365 days = 3.79 k\Wday.
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» A seasonal variation in solar radiation is expectaidi-season months are
expected to have the highest levels of solar radiatwhile summer

months have lower levels as a result of the monsoon

Figure 6 shows the expected global solar radiatiorthe plane of array (POA)
on the 2-axis tracker. The operation of the tradkexxplained in the PVSYst4.1

inputs in Section 2.3 System Design.

Simul. variant: Simulation variant
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Fig. 6: Expected Global Solar radiation on the POA

As can be seen from Fig. 6:

» The solar radiation is expected to increase asutref the arrayn a 2-

axis tracking system.
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e The vyearly solar radiation on the POA is expected be
1840kWh/ni/day. This equates to an average of 1840 / 365 days

5.04kWh/nf/day, or an increase of 33.5%.

Battery Bank Voltage
Figure 7 shows the expected BB voltage over a year

Simul. variant: Simulation variant
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Fig. 7: Expected Monthly Averages for the Battery Bnk Voltage.
As can be seen from Fig. 7:
* The BB voltage is expected to remain fairly consthroughout the year.

* The BB voltage annual average is expected to [#525.

PV output

The output for the PV array as forecasted by P\Ysis given as monthly

averages in Figure 8 as the array virtual enerdyR®.
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Fig. 8: Expected PV Output

As can be seen from Fig. 8:

The yearly average for the 30QWYV array output is expected to be
343.3kWh.

This equates to 343.3/ 365 days = 940.5Wh/day.

There is no MPP in the Tulin system but this is eryvsimilar
measurement to the PV array output power measuweitheb DT80 for
Tulin.

The PV output is not coinciding with the global aoladiation on the
tracking axis, as it should. This could indicatattthe batteries are often

full and so the PV is reduced.
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Performance Ratio

Figure 9 shows the expected performance ratio laddlar fraction of the PV
system. Performance ratio is defined in Section 3.2

Performance Ratio PR and Solar Fraction SF
12 T T T T T T

PR : Performance Ratio (7 £ 4r): 0.389
SF : Solar Fraction (ESol f ELoad) : 1.000

10k

] o

Performanee Ratio PR
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oo
Jan Fek War Apr Way Jun Jul Ay SEp oct Moy Dec

Fig. 9: Expected Performance Ratio
As can be seen from Fig. 9:

* The yearly average performance ratio is expectelet®.389, which is
very low.

» There is an expected seasonal variation in PR tivétbest PR seen in the
summer months of July and August.

* The energy service (all WLED lamps) can be providewughout the
year as the solar fraction is 1. This parameteotsexplored in the Tulin
monitored data.

* A low PR was taken into consideration in the Tulystem as it is a

prototype and research system with data monitoring.
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The conclusions from the PVSyst4.1 results inditlaé the solar resource is
consistently good and the expected BB voltage bellconstantly at a high
state of charge.

The PV output and performance ratio are expecteoeton the lower side
and this may be a result of the PV array being®ized for research purposes

and to prepare for load growth over the next 5gear

3. The Monitoring Program

3.1 Measured Parameters

The main parameters that were measured by the onimgjtsystem in Tulin and

used in this study are outlined in Table 6 below.
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Table 6: Measured Parameters

Parameter Symbol Unit Device
Horizontal Global Solar radiation GH W/m2 PyranoenesPC80
Plane of Array Global Solar Radiation Gl W/m2 Pyareter SPC80
Generated Solar PV Module Voltage Pv(v) Volts mor 8
Generated Solar PV Module Current Pv(l) Amps Calibd Current Transducer
Battery Charging Voltage B(V) Volts DT 80
Current Flowing From Charge

L(1) Amps Calibrated Current Transducer
Controller Into the Load
\Voltage Measured Btwn Charge

L(V) Volts DT 80

Controller and Load

DT 80 w/T-Type

Solar PV Module Temperature T(PV) deg Cels
Thermocouple
DT 80 w/ T-Type
Ambient Air Temperature T(A) deg Cels
Thermocouple
DT 80 w/ T-Type
Battery Bank Temperature T(BB) deg Cels

Thermocouple

Ambient Temperature; T, (°C) The maximum expected ambient temperature

range for a Nepalese village in the Humla regidoetsveen —20°C and 40°C.

PV Temperature; Tmoq (°C) The expected temperature range of the PV panels
under full sunshine reaches approximately°’Cl5to 25°C above ambient

temperature, i.e5°C- 65°C.

Battery Bank Temperature; Tgg (°C)
Two T-type thermocouple are glued on the side (st the thermocouple

touches the battery well and is covered from theiam temperature by a piece
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of wood). The thermocouples are half the battergtiteand are positioned in the

middle of each a battery. The average value is nredsand logged.

The expected temperature range of the BB is 10°5%C. As is the case with

all the temperature values, the T-type thermocotgreperature sensors have a
measuring range of -40 °C to + 150°C, which covhes expected temperature

ranges discussed above.

Horizontal Solar Radiation; Gy (W/m?) The expected range is 0 to 1500V¢/m
measured with an 80SPC SolData pyranometer (Sol2@@a) on a horizontal
plane, atthe horizontal house roof height whieeeRV array is located, or 2378

metres above sea level.

Plane of Array Solar Radiation; G, (W/m?)
The expected range is 0 — 1500\f/ifhe pyranometer is located on the PV
tracking array, at about 1.5m above the house myd380 metres above sea

level.

PV Voltage; Vmod (V) The expected voltage range of the PV modules is 0 —
42.8V, i.e. the open circuit voltage of the arratyce the \. of each panel is
given by the specifications as 21.4V. This paramisteneasured by the DT80,

which has two ranges for volts 0-2.5 and 0-30V.

This parameter is not examined in isolation butesessary for the PV power

analysis. See Equation 3 below.
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PV Current; | mod(Amp) The expected ampere range of the PV modules i20 -1
Amps @1150W/rh This parameter is not examined isolated but iesgary for

the PV power analysis. See Equation 3 below.

Battery Voltage; Vgg(V) The expected voltage range of the BB is 23.8-28.8V

Load Current, 1. (Amp) The expected ampere range of the load is 0 —-5Amps.
This parameter is not examined in isolation butdsessary for the load analysis.

See Equation 4 below.

Load Voltage, V. (V) The expected voltage range of the load is 24 — 28\s
parameter is not examined isolated but is necedsarthe load analysis. See

Equation 4 below.
3.2 Derived Parameters-
The derived parameters, i.e. those calculated themmeasured parameters in

Section 3.2 are outlined in Table 7 below.

Table 7: Derived Parameters

Parameter Symbol Unit Calculation
Power Generated By the PV Array Pmoa(W) Watts V mod * Imod
Power Demanded By the Load L(W) Watts \ARAt
Performance Ratio PR dimensionless YilY:

PV Array Power, Ppy (W) This is derived by the following calculation:

Pev="V mod™ lmod (Equation 3)
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The expected wattage range for the PV array posv@—340W.

Load Power, R (W) This is derived by the following calculation:
Pe=VL*IL (Equation 4)

The new design load is 84W. This is expected taheemaximum load value
since there are no power outlets and only 84W @8ds * 3Wlamps) worth of
lighting. However the system is capable of prodgcinmax) * V. imax) =

5A*28V= 140W. The air heater was not taken intosidaration here as during

the study period the air heater did not operaiesd®uld have.

Performance Ratio

(PR) is defined as the ratio of the final yieldhe reference yield, given by a
dimensionless number. (IEA-PVPS Task 2, 2000).

PR =Y /Y, (Equation 5)
Where

Yr_ Reference yield (kWh/ka

Yf_ Final PV system yield (kWh/IéW

The performance ratio is calculated daily and thearaged over the month for

only the days of full data.
Final PV system yield is the daily (monthly or aaf)yplant useful energy output

Euseper kWp of installed PV array power. (IEC 617402)

1¥= E usel Po Equation 6)
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Where
E use= Net useful energy delivered to the load (kWh)

P, = Rated power output of the system (kWp)

For the PV system in Tulinggis chosen as the load, i.e. P
Reference yield is the daily (monthly or annuakplane irradiation GI divided

by the STC reference in-plane irradiance (IEC 6174)

¥ Gy [ Gste ( Equation 7)
Where
G= In-plane Irradiation (kWh)

Po= Gstd= 1kW/m2)(kWp)

Representative days were chosen to analyse thear@nts interaction in the

operation of the system. First the month of Janwaay selected for winter and
June for summer as these were the months closebetwinter and summer

solstices that had the most complete data set. Mag selected for the

representative mid-season month.

The representative days was chosen by findingyavwd®ere the averages for
daily load, daily solar radiation, PV power and Bd&tage are within the month’s

averages by 10% for each parameter. The monthkages for these parameters

are located at Appendix 6
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3.3 Data Validation

RIDS-Nepal staff, responsible for the research qmts, checks each data set.
Each parameter measured and recorded is checkeddmzrto a defined data
range. Data out of that range are discarded argtigutbd with the average of the
previous and following data. The number of 10-méndata entries that required
substitution was not available to the author attiime of writing. The ranges for
each parameter are defined in Sections 3.1 anday’ of incomplete data were
discarded when monthly averages were calculated; discarded days are

presented in Table 8 below.

4. Results

The monitoring period was almost 12 months fromrthédle of November 2006
until the end of October 2007. A brief explanatairthe incomplete data is given
in Table 8.

Table 8: Incomplete or Missing Data

Dates of Data Missing Reason for Lost Data

16" Dec. -8' Jan. (21 days) Wires burnt in powerhouse

7" Feb. — 8 Feb. (2 days) Power failure

10" Feb. — 28 Feb. (14 days) Wires burnt in powerhouse

March (31 days) Data Missing

27" Sep.-¥ Oct. (8 days) Air Heater burnt down and damaged
CT’s in DT80

25" Oct (1 day) 10 hours missing as DT80 was
updated

77 days of data were not present in the approximdi2 month monitoring
period. The total number of days available in thanitoring period were 365 —15

= 350, (15 being the first 15 days of November 2Pd®ie percentage of data
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that was available for analysis was (350 — 77)/ 36%% of the days. This is a

fairly complete dataset.

4.1 Measured and Derived Parameters

4.1.1 Global Solar Radiation on a Horizontal Surfae

Figure 10 shows the average daily horizontal glctwdhr radiation values for
each, along with the yearly average. It also shihesestimated Tulin solar data

extrapolated from the Simikot measured data.

Average Solar radiation (kWh/m2/day

Month

B Tulin data @ Estimated ‘

Fig. 10: Average Daily Solar radiation on a Horizotal surface for each

month.

As can be seen from Fig. 10:

« The yearly average is 3.950kWH/dmy.
* There is notable seasonal variation in the glolmédrsradiation on a

horizontal surface, which varies which various kg 3.00kWh/rfiday
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for December and 5.16kWhffday in April which is a variation of 72%
over the year, or -24.1% to + 30.6% deviation fritvn yearly average.

e Solar radiation during the winter months (Dec—Feb) between
3.002kWh/ni/day and 3.971kWh/fiday, which is considered an average
solar resource.

* In all months except November the real measurebdaglborizontal solar
radiation is higher than the extrapolated data fteennearby high altitude
research station (HARS) in Simikot.

* The highest solar radiation is in the mid-seasomtimof April to June
(spring), rather than the summer months, as mighéxpected, based on

potential clear sky solar radiation values.

Possible reasons for this include:

* There are a higher number of unclear days in tmenser months
because of the monsoon season, where there arg tleads. In the
monitored year the monsoon period was reportecte bbeen “mid-
June until the first week of October.” (Malla, Akiek, 2007)

» Lower global solar radiation in summer may alsabesult of more

diffuse radiation in the summer months.

4.1.2 Global Solar Radiation on the Plane of ArrafPOA)
Figure 11 shows the average monthly global soldiation values along with the

yearly average.
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Fig. 11: Average Daily Global Solar Radiation on tk Plane of Array (POA)

for each month.
As can be seen from Fig 11:

* A yearly average solar radiation value on the plaharray (POA) is
5.51kWh/nf/day, or 39.5% higher than the horizontal globalaso
radiation value. This is a higher increase tharedasted by PVSyst,
which expected an increase of 33% (See Fig.6 iti@e2.7).

» Due to the PV tracking frame, solar radiation valaee not as seasonally
varied when measured on the POA. The variations leeeveen
4.12kWh/nf/day for August and 6.47kWhAfday in November, which is
a variation 57% over the year, or -25.2% to + 17désgiation form the

yearly average.

4.1.3 Solar Radiation Comparison
Figure 12 shows the average monthly global solatiateon values on a

horizontal surface and on the POA respectively @liih the yearly averages.
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Fig. 12: Comparison of the Global Solar Radiatioron a Horizontal surface

and on the POA.
As can be seen from Fig. 12:

» The received global solar radiation on the POA, wuthe PV tracking
system increases significantly compared to thezbatal global solar
radiation, with a yearly average increase of 39&®wseen in Table 9
below.

« At times the increase in POA solar radiation is astsignificant as
others. The numeric differences vary between 0.4%ki/day for July
and 2.99kWh/rfiday in November.

* The difference in received global solar radiatiogivieen POA and
horizontal is greater in the winter months (+ 93.89%Mec) than the
summer months (+11.1% in July.) This is as expecete the
pyranometer measuring horizontal radiation is e¢lésgerpendicular to

the sun in the summer months.
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* The value of tracking the sun can be seen in Tableshich shows
significant differences in horizontal solar radiaticompared to POA

solar according to each month.

Table 9: Percentage increase from Horizontal to PO/olar Radiation

Solar Rad Solar Rad % More Rad on
Month (H) (POA) POA
Nov, 06 3.48 6.47 85.9%
Dec, 06 3.00 5.82 93.9%
Jan, 07 3.29 6.25 90.0%
Feb,07 3.97 6.07 52.9%
Apr,07 5.16 6.25 21.3%
May,07 4,94 5.70 15.4%
Jun,07 4.68 5.32 13.6%
Jul,07 4.08 453 11.1%
Aug,07 3.61 412 14.0%
Sep,07 3.44 4.39 27.5%
Oct,07 3.79 5.68 49.9%
Yearly Ave 3.95 5.51 39.5%

Table 9 shows:

* The percentage increase for each month in glodalr sadiation on the
Plane of Array (POA) compared to horizontal (H)ngshorizontal as the
basis, the percentage increase equals (POA-H)/H

» There is a yearly percentage increase of 39.5%efibre on average over
the year the PV array is receiving almost 40% nsofar radiation because
of the tracking system.

» The expected increase in solar radiation was 35%0t86( Zahnd, Alex,
2007) so the measured value of 39.5% is well withamrange and 19.7%
higher than PVSyst4.1 estimated at 33%.

» April to August has the smallest percentage in&eager the year. This

may be due to the fact that at times “Humla staffybt to decrease the
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angle of the tracker, April to August.” (Malla, Ahek. 2007) The north-
south manual adjustment betweeéhahd 60 has to be carried out every
two weeks or at least once a month for best results

* The percentage increase in solar radiation on B& B greater in the
winter months than in the summer months, as inrdaleave the PV array
perpendicular during the winter months; it has éoumder a south-north

axis angle of 50°- 60°.

4.1.4 Load Profile

Figure 13 shows the average monthly load valuelsidiitg the maximum and

minimum loads for each month.
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Fig. 13: Average hourly load values for each montm the analysis period.

As can be seen from Fig 13:
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The average hourly load is between 24.2W and 34289/ the average
for the year is 31.0W. The average daily loadspaesented in Figure 14
below.

The minimum load is never zero. Since the tracked datataker are
powered by their own PV modules this base minimaadlis a result of
lights being on.

The load has a possible maximum of approximately/ 9Uhere were 28
values that exceeded 90W that needs to be furkesiigated.

The month’s load maxima that will be examined ambriary and

September in Section 4.2.

Figure 14 shows a representative diurnal load lerdér summer, winter and

midseason represented by respectively June, Jaaodriylay; this allows hourly

maximum and minimum values to be noted.
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Fig. 14: Average Diurnal WLED light Load Profile
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As can be seen from Fig. 14:

There is never a zero load, indicating that songhtdi are left on
throughout the day and night.

There is a different load profile to the designdad 7 hours use per day.
Since the beginning of the monitoring period, thiagers requested the
ability to switch the lights on and off according their needs, as their
mud and stone house are very dark inside evenglthenday.

The maximum and minimum values given by the eressishow that the
load profile remains relatively the same over tiwéh increases in the
morning and the evening and a dip during the miadléhe day and at
night.

Differences according to season are notable, witblear pattern of
increased load as the seasons change from summmaidtgeason to
winter. As the hours of daylight decrease and pegplend more time
indoors and use their lights more.

Between 10 and 15 lights, were left on all nightisTcould partly be due
to the cultural belief that lights protect the &dlers from evil sprits. The
load profile strongly suggests that this might Begening, with about
half of the homes of the villages having each orideXy on all night. Not
all the households are strong Hindu believers hod have not such great
fear of evil spirits. (Zahnd, Alex. 2007). This ddexplain why only

approximately half the households have the lightalbnight.
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Figure 15 shows the average daily load fro eachtmon

800 707 722
700 | 1 624 % my 617
600 - ] ] 0 524, 542 556
500
400
300 || A . - - .
200 -
100
0 : : : : : :

Q A

426409

Average Load (Wh/day)

Fig. 15: Averaged Daily Load for each month.

As can be seen from Fig. 15:

* The average load has a correlation with seasolitis,arilear increase
in the average daily load over the winter monthevpr, likely due
to the shorter daylight hours as discussed above).

* While the actual light use pattern over the daynglea, not all lights
were on at the same time. Therefore the averadgeldad has not
really increase and has stayed between 409Wh &2\Wi2dependent
on the month, with an average of 556Wh.

» The average daily load for the year is 556Wh, windbelow the
initial design load of 700Wh but very close to theected load

profile of 3lamps * 28 homes * 7 hours = 588Wh.
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4.1.5 Battery Voltage

Figure 16 shows the average BB voltage for eachtimiocluding the maximum

and minimum and average voltage values, togethér thie average battery

temperature.
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Fig.16: Variation of Battery Bank Voltage and Battey Temperature over

the Year

As can be seen from Fig 16:

* The average battery voltage over the year stayively constant,
with a yearly average of 26.2V; the monthly averagege is from
25.8V to 26.7V.

» The y-error bars show the battery voltage range each month
indicating that although there are some months ahmarticularly
high battery voltages occur, the battery voltageenegets below

23.4V and only in one month does it get below 24V.
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» Battery temperature, which varies from°C8to 30C, is also shown
as it can affect battery voltage.

» Battery temperature follows a seasonal pattern@ddive expected,
with the highest temperatures over the summer nsonth

» Of particular interest are the months when theebattoltage is the
lowest, seen in Figure 16 as December, February Semtember.
These months are investigated in Section 4.2.

» The months where high battery voltage (over 30\§ abserved,
namely February, May and October are investigatedralysing the
actions of the charge controller (CC) in Sectich 3.

» Referring back to the global solar radiation valf@she year the low
December battery voltage observed can be expldipebe low solar
radiation for this month. The low battery voltagwéls for February
and September are more likely to be due to the, higlauthorised

loads as seen in Figure 13.

4.1.6 PV Array Power Generation
Figure 17 shows the average daily output 3Q8 array (Wh) for each month,

along with the global solar radiation values onR@A for each month.
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Fig. 17 Average daily PV array energy output value$or each month.
As can be seen from Fig. 17
* The average yearly 300YPV array power output is 1260Wh/day.
* The PV array power follows a seasonal trend smidahat of POA global
solar radiation, with mid-season months, April, Ma®ctober and

November having the highest levels of PV array posvgput.
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4.1.7 PV Performance Ratio (PR)
Figure 18 shows the performance ratio for each monthe analysis period.

Average yearly PR =0.37

045 +4 4o

0.41 0.40

PR (YF/YT)

Month

Fig. 18: Average Performance Ratio for each month.

As can be seen from Fig. 18:
* The performance ratio ranges from 0.32 to 0.42clwls considered to
be on the low side (Poissant, 2008)lower PR was expected, as the
Tulin PV system was intentionally oversized.
* The performance ratios for the stand-alone systenfulin are well
within the ranges given by the IEA-PVPS Task 2 shawSection 5.6.
* The yearly average PR for Tulin is 0.37, which é&swlow. This is also

explored further in Section 5.6.

42



4.2 Results of Interest

This section explores the interaction of the congmis operating as a system and
any unusual data that were observed.

In particular the high loads in February are exgiipras are the high loads in
September and consequently the low battery voliagigis month. The operation

of the charge controller is explored and seasoaahtions briefly discussed.

4.2.1 Operation of System

This section examines the way in which the comptsma@perate within the
system to and comments on the seasonal variatietwgebn summer and winter
using a representative day graph. Figure 19 shdwsslystem components

performance on a representative summer day (June 21
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Fig. 19: System performance for the 221 June (a representative day
in summer).

As can be seen from Fig. 19:
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« The PV array power output increased steadily whith $olar radiation in
the morning

* At 10 am battery voltage reached a maximum of 284 the CC reduced
PV array voltage and hence PV array power outplt fe

« PV output array power increased later in the dgr 4pm as BB voltage
dropped and the CC thus connected again. FinallaiP&y power output
decreased again as BB voltage dropped with deagagiobal solar
radiation towards the evening, after 4pm.

¢ The load profile is typical with loads increasimgmorning and evening.

* The loads were never at a zero level.

» Battery voltage did not vary greatly during the dayt increased with
increased PV array power output in the morning dedreased with

increased load in the evening.

Figure 20 shows the system components’ performance representative winter

day (January 6).
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As can be seen from Fig. 20:

The PV array power output increased steadily witb global solar
radiation in the morning.

Between 10a.m (BB = 26.9V) and 1la.m (BB =29.6\g €CC reduced
PV array voltage and the BB was trickle chargedjstay PV power
output to fall.

PV array power output increased again after 2pm {2B.6V) and then
decreased again after 4pm as the global solartiadiand BB voltage
decreased towards the evening.

The load profile is typical with loads increasedrorning and evening.

The loads got very low (2W) although never felk&ro.
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» Battery voltage did not vary greatly during the dayt increased with
increased PV output in the morning and decreas#uinireased load in

the evening.

4.2.2 Seasonal Variation

Seasonal variation can greatly affect the operadiom system due to differences
in solar radiation available. This section explottes effects of changes in solar
radiation on battery voltage over the represergatmonths for summer (June)
and winter (January).

Fig.21 shows the Battery Voltage Analysis for thater month of January
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Fig. 21: Daily Battery Voltage for the winter month of January.

As can be seen from Fig. 21:
* The battery voltage in the winter month of Januarsegularly at the full
state of charge.

¢ There are no sustained periods of low state ofgehaf the BB.
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e There are days where the battery voltage drops dtwr25.2 V
specifically the § and 38" of the month.

* There is evidence of the CC operating, as the yatigltage never gets
much higher then 30V. For further evidence of C@ragion see Section

4.2.5.

Figure 22 shows the average solar radiation oneptdrthe array for the winter

month of January.
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Fig. 22: Average Daily Global Solar Radiation on te POA for the winter

month of January.

As can be seen from Fig. 22:
« The days of low battery voltage in Fig. 21 speaific the 9" and 3¢’
correspond to low solar days.
e There is good solar resource even in the wintertmofo note whether it
is typical for winter to have good solar resourtenger periods of

monitored data would be beneficial. This is an amthe monitoring
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project in Tulin but at present there is only oreans worth of data.
However, analysis of three years’ worth of datarfrthe nearby High

Altitude Research Station in Simikot data showst tthee year under

investigation was an average year. (Zahnd, AleQ720

Figure 23

shows the daily battery voltage for thensier month of August.
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Fig. 23: Daily Battery Voltage for the summer monthof August

As can be seen from Fig. 23:

The battery voltage does not drop below 24V, scetlage no periods
of sustained low state of charge.

There are days where the battery voltage dropsifamely the 13",
14" 15" 18" and 28" of the month.

There is evidence of the CC operating as when #itedy voltage
gets high, i.e. 28.8V the battery is trickle charged so does not get

much higher than the defined maximum voltage. Smxdiéh 4.2.5.
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* The battery voltage is regularly at the full stateharge.

Figure 24 shows the global solar radiation on tlene of the array for the

summer month of August.
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Fig. 24: Average Daily Global Solar Radiation on te POA for the Summer

Month of August.

As can be seen from Fig. 24:

* The days with low battery voltage in Figure 23 speally the 13",
14™ 15" 18" and 28 of August correspond to low solar radiation
days in Figure 24.

* Low radiation days does not necessarily resulbw battery voltage,
as seen by the low solar radiation on thfead 38" of August.

* There is a similar range of solar radiation in swenmand winter,
although winter gets higher values on some daystug00 W/n).
This is likely to be due to the monsoon period ocsemmer where

there are a large number of unclear cloudy skies.
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4.2.3 September
Plots from hourly monitored data have been showlovbdo investigate the
possible reasons for low battery voltage in Septrab07.

Figure 25 shows the battery voltage in September.
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Fig. 25: Battery voltage for September 07
As can be seen from Fig. 25:

«  Prior to the 19 Sept the battery voltage was maintaining a constizte
between 24.4V and 28.4 V under the daily load pattehich is an ideal
range for the BB.

« The battery voltage makes a significant drop afier1d" September and

stays low for the rest of the month.

Figure 26 shows the global solar radiation on theney of array (POA) for

September.
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Fig. 26: Solar Radiation on Plane of Array (POA) inSeptember 07
As can be seen from Fig. 26:

* The low periods of solar radiation are at the begig and end of the
month.

¢ Low solar days at the beginning of the month do cwtespond to low
battery voltage below 28V.

* However lower radiation days at the end of the mamdrrespond with
low battery voltage and explain the inability fbetbattery voltage to get
back to its maximum state of charge after unausedrihigh loads on the
19" and 28 seen below in Figure 27.

Figure 27 shows the load profile for September.
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Fig. 27: Load Profile for September from average horly data.

As can be seen from Fig. 27:

There are identified loads far over the systemgtetdad maximum of
84W on the 9, 11", 19thand 2¢' September.

The high loads are far greater then 84W, reachimgagaimum power
drawn from the battery of 225W.

There is a correlation between high loads for edéeinperiods and low
battery voltage seen in Figure 25 for the daysxteenely high loads.
The system was not designed to draw such high laadsthus the BB
cannot provide for such high loads for long periotsble 10 investigates

these high loads further.

Possible reasons for loads far greater then 84Wdec

Villagers have added an impermissible high loaslystem.
The air heater has drawn more direct power from BB then it is

designed to use, due to an internal short cirouihé CC.
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Table 10: September hourly data for high loads pead.

Power
PV CC-BB Into

Date Time Tilt Power \Volt BB Load

9-Sep-07 20:00 0.00 0.00 24.50 184.3 182.75
11-Sep-07 19:00 454 0.11 25.08 103.5 106.65
18-Sep-07 11:00 992.36 294.22 27.00 177.1 162.63
19-Sep-07 8:00 69.24 16.44 24.08 216.2 212.19
19-Sep-07 9:00 130.17 33.34 24.10 216.4 212.19
19-Sep-07 10:00 266.20 71.15 24.18 216.5 211.40
19-Sep-07 11:00 779.11 217.48 24.84 233.4 220.58
19-Sep-07 12:00 1002.96 293.43 25.56 251.0 232.42
19-Sep-07 13:00 984.48 293.40 25.66 250.4 231.48
19-Sep-07 14:00 946.88 289.05 25.69 248.6 230.44
19-Sep-07 15:00 861.78 265.57 25.60 241.5 225.87
19-Sep-07 16:00 487.17 141.30 24.91 218.6 211.27
19-Sep-07 17:00 320.79 88.07 24.34 203.7 199.01
19-Sep-07 18:00 19.81 3.54 24.09 171.6 169.39
20-Sep-07 1:00 0.00 0.00 23.96 169.5 167.68
20-Sep-07 2:00 0.00 0.00 23.75 194.6 190.90
20-Sep-07 3:00 0.00 0.00 23.70 194.3 190.53
20-Sep-07 4:00 0.00 0.00 23.65 190.6 187.03
20-Sep-07 5:00 0.01 0.00 23.58 188.5 184.99
20-Sep-07 6:00 0.03 0.00 23.49 191.1 187.35
20-Sep-07 7:00 2.19 -0.26 23.51 173.2 170.81
20-Sep-07 9:00 75.78 18.73 23.55 165.1 163.74
20-Sep-07 10:00 582.72 155.09 23.92 211.6 202.98
20-Sep-07 11:00 1018.54 290.44 24.86 240.2 221.23
20-Sep-07 12:00 1004.18 289.33 25.06 224.2 207.23
20-Sep-07 13:00 320.71 85.57 24.00 189.5 186.22

As can be seen from Table 10:

* There are isolated high loads for no longer tha@ loour periods on the
o" 11" and 18 September. These are likely to be impermissibéeido
added by villagers.

¢ These early dates have not affected the BB voltagatively.

« The 19" and 28 are the days that are of most interest, when tpe h
loads are for longer periods and correspond toB8awoltage.

« The daily WLED load consumption for the 1 $eptember is 2752Wh

and the power into the battery on this day is d4l9 Wh.
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2752Wh — 149Wh = 2603Wh.
If that energy was drawn at an average voltage4df, 2his amounts to
108.5Ah, which is 36.1% of its full (300Ah) BB cajiy in one day.

« The daily load consumption for the 2Geptember is 2492Wh and the
power into the battery on this day is only 308Wh.\2#92Wh — 308Wh
= 2184Wh.

If that energy was drawn at an average voltagedd, 2his amounts to
91Ah, which is 30% of its full (300Ah) BB capacity one day.

« Thus the 19 and 28 of September amounts to a DoD of approximately
67% of the BB’s total capacity over just two dayxplaining the
observed drop in BB voltage.

¢ As can be seen above, the power drawn from the BB mvuch higher
than the power into the BB, which is why low bagteroltages are
observed at this time.

* There exists a potential danger for the BB lifetifingustained periods of

low batter bank voltage are experienced.

Further investigation, by email correspondence ihie high loads incident on
the 19" and 28' September uncovered that these high load perieds followed
shortly after by damage to the air heater. On&per 18 the air heater was
connected to the system as part of the researdhulin. No recordings for air
heater voltage or current were observed at thie.titris hypothesized that the air
heater may have been drawing a large current pridgrburning down, due to an
internal short circuit. At the end of the high lodalys 18'and 28 September the

air heater burnt down and caused damage to thernturansducers in the DT80.
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This subsequently caused the monitoring systemetaldwn until the problem
was rectified on the™October. The electrification system was not affddby

the problem only the monitoring system.

4.2.4 February

Fig. 28 shows the average daily load diagram far&ary
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Fig. 28: Average Daily Load for February

As can be seen from Fig. 28:
¢ The first two days of February have very high loads

» For the remainder of the month there is a relatigghble load within the

expected range, i.e. 10 —70W.

Table 11: February High Loads and the consequent &dct on Battery voltage
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Date Time 2-Axis Tracking [PV Power |Batt Volt |Batt Power In [Load
1-Feb-07 0:00 0.00 0.00 25.49 -2.63 20.77
1-Feb-07 1:00 0.0 0.0 25.5 1.5 16.5
1-Feb-07 2:00 0.0 0.0 25.5 5.7 12.2
1-Feb-07 3:00 0.0 0.0 25.5 7.0 10.9
1-Feb-07 4:00 0.0 0.0 255 7.9 9.9
1-Feb-07 5:00 0.0 0.0 25.5 3.8 14.2
1-Feb-07 6:00 0.0 0.0 25.5 2.9 15.1
1-Feb-07 7:00 0.0 0.0 25.3 -12.9 31.3
1-Feb-07 8:00 9.1 0.5 25.0 -91.9 112.5
1-Feb-07 9:00 24.6 43 24.5 -185.7 208.8
1-Feb-07 10:00 866.3 232.7 25.6 10.6 2225
1-Feb-07 11:00 1061.4 295.5 26.3 59.5 229.5
1-Feb-07 12:00 1077.7 299.2 26.4 67.8 2245
1-Feb-07 13:00 1070.8 295.3 26.4 62.5 226.6
1-Feb-07 14:00 1010.2 275.2 26.3 49.9 222.0
1-Feb-07 15:00 904.4 240.1 26.1 25.6 214.8
1-Feb-07 16:00 837.3 226.0 27.4 216.5 7.1
1-Feb-07 17:00 174.0 42.8 26.5 52.9 6.8
1-Feb-07 18:00 11.1 0.9 25.2 -153.5 173.9
1-Feb-07 19:00 0.2 0.0 24.7 -175.2 193.1
1-Feb-07 20:00 0.0 0.0 24.4 -177.4 195.3
1-Feb-07 21:00 0.0 0.0 24.4 -178.8 196.4
1-Feb-07 22:00 0.0 0.0 24.4 -172.7 190.3
1-Feb-07 23:00 0.0 0.0 24.3 -162.8 180.5
2-Feb-07 0:00 0.0 0.0 24.3 -164.5 181.5
2-Feb-07 1:00 0.0 0.0 24.2 -162.5 179.3
2-Feb-07 2:00 0.0 0.0 24.2 -160.1 177.0
2-Feb-07 3:00 0.0 0.0 24.1 -160.7 177.5
2-Feb-07 4:00 0.0 0.0 24.1 -160.1 176.9
2-Feb-07 5:00 0.0 0.0 24.8 4.4 11.4
2-Feb-07 6:00 0.0 0.0 24.9 9.3 6.5
2-Feb-07 7:00 0.0 0.0 24.9 9.4 6.5
2-Feb-07 8:00 9.5 0.6 24.7 -15.9 33.7
2-Feb-07 9:00 25.3 4.4 24.6 -23.7 45.4
2-Feb-07 10:00 854.1 229.3 25.8 176.0 50.8
2-Feb-07 11:00 1050.3 293.4 26.3 2425 404
2-Feb-07 12:00 1076.9 301.2 26.5 252.8 37.0
2-Feb-07 13:00 1068.2 296.3 26.6 255.8 29.6
2-Feb-07 14:00 1027.8 283.1 26.7 251.2 22.6
2-Feb-07 15:00 959.0 261.1 26.8 226.5 28.7
2-Feb-07 16:00 861.3 231.0 26.9 206.5 22.3
2-Feb-07 17:00 205.4 50.6 26.1 36.0 30.8
2-Feb-07 18:00 11.8 1.0 25.6 -30.7 51.4
2-Feb-07 19:00 0.2 0.0 254 -42.0 61.4
2-Feb-07 20:00 0.0 0.0 25.0 -159.1 178.6
2-Feb-07 21:00 0.0 0.0 25.2 -42.3 60.5
2-Feb-07 22:00 0.0 0.0 25.2 -35.5 53.7
2-Feb-07 23:00 0.0 0.0 25.2 -30.3 48.3
3-Feb-07 0:00 0.0 0.0 25.2 -21.8 39.6
3-Feb-07 1:00 0.0 0.0 25.2 -13.3 30.9
3-Feb-07 2:00 0.0 0.0 25.2 -8.5 25.9
3-Feb-07 3:00 0.0 0.0 25.2 -6.2 23.6
3-Feb-07 4:00 0.0 0.0 24.8 -97.8 116.9
3-Feb-07 5:00 0.0 0.0 24.5 -159.6 178.2
3-Feb-07 6:00 0.0 0.0 24.4 -156.9 175.4
3-Feb-07 7:00 0.1 0.0 24.3 -160.2 178.5
3-Feb-07 8:00 10.2 0.8 24.5 -79.9 99.5
3-Feb-07 9:00 29.1 5.3 24.6 -23.8 46.9
3-Feb-07 10:00 780.8 208.3 25.8 161.9 46.3
3-Feb-07 11:00 998.5 277.9 26.3 234.7 34.5
3-Feb-07 12:00 1020.5 284.4 26.6 251.5 23.2
3-Feb-07 13:00 1020.8 283.0 26.7 255.7 17.7
3-Feb-07 14:00 989.4 272.6 26.9 242.3 22.5
3-Feb-07 15:00 881.1 239.2 26.9 208.6 27.7
3-Feb-07 16:00 505.9 131.0 26.5 108.0 32.3
3-Feb-07 17:00 146.9 34.7 25.9 10.1 42.0
3-Feb-07 18:00 14.9 1.9 25.5 -35.6 56.7
3-Feb-07 19:00 0.2 0.0 25.4 -47.8 67.0
3-Feb-07 20:00 0.0 0.0 25.3 -47.5 66.2
3-Feb-07 21:00 0.0 0.0 25.3 -44.4 62.9
3-Feb-07 22:00 0.0 0.0 25.2 -35.9 54.3
3-Feb-07 23:00 0.0 0.0 25.3 -10.3 27.9
4-Feb-07 0:00 0.0 0.0 254 9.4 7.6
4-Feb-07 1:00 0.0 0.0 254 9.4 7.6
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Table 11 shows the hourly data for tiié4l February and gives a good example
of the hourly responses of the BB’s’ voltage to liteed and solar radiation. High
loads for short periods have not affected the batteltage negatively.

A possible explanation for these high loads atliaginning of February is that
the villagers charged a battery or used some dtet by cutting wires and
plugging into the system, which the system has be#n designed for. It is

uncertain whether there is any physical evidendaisfoccurring.

4.2.5 Operation of charge controller (CC)

Evidence of the CC operating effectively to protét batteries by reducing the
PV array voltage and hence reducing the PV arrayepoutput is investigated in
this section. Figures 29 and 30 show evidence eftctitarge controller operating

well for a representative day for summer and winter
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Fig. 29: Average PV Array Power Output / Solar Radation (on the POA)
for the Winter Month of January
As can be seen from Fig. 29:
* The ratio of the PV array power output to the globalar radiation

decreased after midday, as the BB is full. Thiguglence that the CC
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was operating, to trickle charge the BB, by dedrepthe PV array power
output, by reducing the PV array voltage.

« Later in the day as the BB voltage decreased thal@®@ed the PV array
voltage to increase again and the PV array powépubuincreased,
resulting in an increased ratio of PV output to ghebal solar radiation as

was observed at approximately 6pm in Figure 29.
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Fig. 30: Average PV Array Power Output / Solar Radation (POA) for
the Summer Month of June.
As can be seen from Fig. 30:
 The ratio of PV array power output to the globalasaadiation
decreased after approximately 11am, when the BB apg@soaching
full. Again this is evidence that the CC was opemto reduce the
PV array power output, by reducing the PV voltagd hence the BB
was trickle charging.

* This coincided with a high battery voltage of 028\.
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» Again later in the day as the BB voltage decredlsedCC allowed the
PV array voltage to increase again and the PV apmyer output
increased thus resulting in an increased ratiovodfPay power output
to the global solar radiation as was observed pitoegimately 4pm in
Fig. 30.

e The average daily load in June the summer month wmly
524Wh/day compared with the average daily load anuary of
654Wh/day, which could explain why the charge calfér operated
more in winter than in summer. With a higher loadninter the BB

was not as fully charged as in summer.

Figure 29 and 30 show the CC working well to prothe BB from being
overcharged by reducing the PV array power oufphére are other months
when the CC does not seem to have been functi@sgell, if at all. Figures

31 and 32 look at these months and provide posskg&nations.
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Fig. 31: Average PV Array Power Output / Solar Radation (POA) for the

Spring Month of May.
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As can be seen from Fig. 31:

Once the BB voltage rose over 28V, the PV outputglobal solar
radiation ratio did decrease, although only slightl

This decrease had minimal effect on the BB'’s vatadpich continued to
increase, reaching almost 30V due to trickle chmaygi

The BB voltage did not get back to below 28V uthig PV array power
output to global solar radiation ratio decreasedbé&dow 0.2, which
considering the time of day, i.e. 5pm is likely liave been a result of
lower global solar radiation.

It seems from this graph that the CC was not opeyats specified, as the
PV array power output did not decrease. The BBemained at below
30V and may have been as a result of trickle chgrfsiom the CC. Three
different charge controllers were used during tlemmoring period and it
is unclear whether the CC had different operatipgcdications, which

may have resulted in different graphs, seen frory Bfad June.
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Fig. 32: Average PV Array Power Output / Solar Radation (POA) for

Autumn Month of October.
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As can be seen from Fig. 32:
* There was no reduction in the PV array power outpuglobal solar
radiation ratio during the day.
*  When the ratio fell, this is likely to have beenedio the decreasing
global solar radiation in the evening.
» The BB voltage during this month was well over thaximum cut-off
voltage for the CC of 28.8V.
* It is clear from this graph that the CC was dedilyitnot operating and
this is demonstrated further by the CC history gilzelow.
The history of the charge controllers is as follows November 2006 a pulse
width modulator (PWM) CC was installed, during tbecond week of March
2007 a PWM CC with air heater (AH) channel wasahetl. The air heater was
not connected as it was still in its testing phasel was not performing as
expected. On September”iﬂOO? a non PWM CC with air heater was installed
as a dump load when the BB is full as part of amdamic research project, so
that the PV array power output could be betteryemaal. On September 27th the
AH burnt down, perhaps as a result of drawing taelmncurrent, as high loads
were also observed at this time. Since then thae been a Non-PWM CC
installed but with the CC channel short-circuit@dalla, Avishek. 2008). Thus
in October 2007 there is no CC operating as is geéigure 32 above. For this
reason the BB was not protected from being ovegddras was the initial
design. It is planned to install a Plasmatronic ©8®nce again protect the BB
and have a dump load so that the PV array powgrubatan be measured at its

full power under the prevailing meteorological ciiwehs. (Zahnd, Alex. 2007)
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5 Discussion of Results

5.1 Comparison of results with expected performance

Table 12: Expected Performance Compared with Meased Performance

Parameter

Projected by PVSyst

or BOE Design

Measured Results

Global solar radiation on the

horizontal surface (H)

3.79Wh/nf/day

3.950kWh/rfiday

Global solar radiation on the plane

of array (POA)

5.04kWh/nf/day

5.510 kWh/rfiday

Difference in global solar radiation

(POA-H) 1.25 kWh/nf/day 1.560 kWh/rfiday
Battery bank voltage 259V 26.2V

Load for WLED lights 700Wh/day 556Wh/day

PV array power output 940.5Wh/day 1260Wh/day
Performance ratio (PR) 0.39 0.37

As can be seen from Table 12 the measured reselts
higher than the expected performance, demonstréiaigon a whole, the system
is operating remarkably well. There is a differemecehe PVsyst4.1 forecasted
and the measured PV array power output. This maybéeause of the
inconsistencies experienced with the charge cdatsoln the monitored system.

This resulted in PV output not always being reduebén the batteries were full.

Each parameter is discussed further below.
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5.2 Global Solar Radiation

Tulin is subject to monsoon periods and as a réiselbest solar months were the
mid season months of April to June. This seasoraiiatton is further
emphasized through the high horizon due to theosading mountain ranges

between 4500-6500 metres high around Tulin villggahnd, Alex. 2007)

The solar resource is as expected with the availglobal solar radiation on the
POA having a yearly average of 5.510kV{lilay. The BOE calculations used an
approximation of 5.3kWh/fiday. The benefit of using a tracking system is
irrefutable with an average yearly increase in rseddiation of 39.5%. The
adjustments were not carried out through someefatimter months according to
RIDS-Nepal staff perhaps because of heavy snowfiédllla, Avishek, 2007.)
This could even be improved if the weekly adjusttnaithe north-south tracker
is routinely carried out by the local trained usemhich could increase the
system’s annual solar radiation by 5 -10%. (ZahaAdex. 2007) This
demonstrates the importance of training staff aadhaps the need to check to

ensure local people in charge of the O&M are cagyut responsibilities.

Both the global solar radiation on a horizontafate and on the POA are higher
by approximately 10% than the expected averagelyygtobal solar radiation

values predicted by PVSyst4.1 as can be seen ile Ti&bin Section 5.1 above.
It is not sufficient to only compare real data wéhdesign average. It is also
important to compare the global horizontal solaiagon with the projected real
data from Simikot as seen in Figure 10 in Sectidn14 which shows that the

measured global solar radiation on a horizontdbseris actually better than the
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estimated solar radiation values made for Tulinusyng the real data from

Simikot and reducing it by 20% to take into accotnat high horizon.

5.3 Battery Bank Voltage

Overall the batteries are performing well with aagh¢ average BB voltage of
26.2V, with no sustained periods of low state odrge. The yearly average BB
voltage is very close to the predicted PVSyst4.lueveof 25.9V as seen in
Tablel2 in 5.1. The variation in monthly averagetdry voltage is within 1V

indicating that the BB is maintaining a good statecharge. The BB voltage is
most affected by exceptionally high (unauthorisled)ds in September. This is
the only time during the analysis period that th® fltage goes below the

specified minimum state of charge of 23.8V.

There are numerous times when the BB voltage gdeweathe specified
maximum state of charge of 28.8V. Various prototygearge controllers
developed and manufactured in Nepal by PPN have installed and tested and
they have not always performed as expected. Tru®Bi was not always well

protected from overcharging; this is explored fartm Section 5.7.

The fact that the batteries are often full and keare relying on the CC to reduce
the PV array power output indicates that the P\vtesysis oversized for the
present load requirements. The PV system has beersiped on purpose to
allow all the daily lighting services to be metup to 4-5 years time, when the
village population has increased (currently at e of 2% p.a.) and energy

demand has increased by an expected 5-10 % p.adZalex. 2007)
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5.4 Load

The daily load profile is different to what wastially planned in the design
stage. The designed load was for 7 hours over thming and evenings. But
after the village community requested to have tpigoa for light all the time, it
is observed that there is a baseline load withleads all night and peak loads in
the morning and evening. Higher than predicted doafl 90W max were

observed.

Two things are clear form observing the loads. thiras the villagers grow
accustomed to using lights, they want them on émgér than they originally
perceived they would. What is especially interagim the observation of some
low loads all night. This has a cultural explanatand was similarly observed in
the Sukatani project in Indonesia (A.H.M.E. Reirsder al. 1999.) Locals have a
belief in evil spirits, and they often have a fgeing, but now with the WLED
lamps, they leave some lamps on all night to pm\pdotection from the euvil
spirits. This use of the lights at night was adyuat the local users’ request after
the first few months’ installation and with the jat implementers’ agreement
when it was checked that the PV system could nteetricreased load. (Zhand,
Alex. 2007) Secondly as the villagers get more aotable with the technology
they have been provided with, villagers will be¢finadd on new loads and use
the system, not as it was designed but never Hweitgeniously to provide other
services they may need, (e.g. charging batterids® was also observed in the

Sukatani project. (A.H.M.E. Reinders et al, 1999)
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With these experiences in mind over-sizing the Pdyaappears to be beneficial
especially in a developing country context wheis & first time experience with

PV technology.

5.5 PV power

The charge controller is designed to cut the P\ayapower as observed in
Sections 4.3.3 and 4.3.4 once the state of chdrgigedbatteries is reaching its
full state. This is occurring for approximately h#ie solar day in the months
when the CC is operating well, as described iniSeet.2.5. Thus the PV array
power output is not fully utilized in relationship what it could produce. A lot of
power is being lost due to full batteries. Thigipected for the fist few years of
the Tulin PV system as it is designed to provide filll energy demand by the
local community after 5 years of population and dathgrowth. The PV power
measured is higher than the PV power expected enP¥Syst4.1 simulation.
This difference may be as a result of the charggraolter not always operating

as specified.

5.6 Performance Ratio (PR) comparison
The performance ratio observed in the measured ateery close to the
performance ratio predicted by PVSyst4.1, indigatimat the overall the system

is operating well and close to what was expected.

Also from the analysis of data in the IEA-PVPS tase of 260 PV plants the
following annual performance ratios can be expetbedhe stand-alone systems
without back-up PR = 0.1 -0.6. (IEA-PVPS Task 20@0 Hence the Tulin PR is

well within this range and closer to the high end.
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The performance ratio (PR) is used to indicateaerall effect of losses on the
array’s rated output due to array temperature, niglete utilization of the
irradiation, and system component inefficienciesatlures. (IEA PVPS Task 2,
2000) Since the Tulin central tracking PV systemoiersized to allow for
population/load growth for the next 5 years, thegrenance ratio of the system
is likely to improve over time with increasing l@ad'hus it could reach values of

between 0.5-0.7 which are considered very goods$Rat, 2008).

Performance ratio observations for individual dslgew that the lower the global
solar radiation the higher the performance ratioisTcould be taken as further
evidence that the PV system is oversized, which been confirmed by the

designer Alex Zahnd. (Zahnd, Alex. 2007)

5.7 Limitations of results

Limitations included that at times, data was migsifhis is unavoidable when
monitoring real data especially in a very remotatmn in a harsh environment.
Also the project was designed to be a prototyperaadarch project; therefore it

is still at an experimental stage.

Another limitation was the ill-success of the a@aker, designed initially as a
dump load to increase the PV power output valueshad they may better
represent the true systems performance. Howeveevier met its expectations

and instead was the cause of some faults and etsnburnt down damaging
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the CT in the DT80 and causing 7 days of datadosisthe system to run without
a charge controller from Septembef"2@hwards. Hence the BB is not protected
from overcharging. The village is still waiting @he new CC, a Plasmatronic
PL20 to come from Australia. This emphasizes thpartance of availability of
spare parts especially in the rural context. Lgcaithanufactured charge
controllers are available, but it is now preferteduse an Australian-produced
charge controller in order to gain experience vathapproved product before

another, locally produced CC is developed and lilesta(Zahnd, Alex. 2007)

At times the three different charge controllersaleped were not operating as
well as expected. Project staff have confirmed, tais new developed models
were tested throughout the monitoring period andoua shortcomings were
experienced and at times, the batteries were notegied from being

overcharged.

5.8 Lessons Learnt

The lessons learnt include the need for reliableipggent, especially if the
system is being monitored. The difficulties witheticharge controllers made
conclusions about PV array power output difficult.

Another lesson was that unauthorised exceptiormadjit loads can, if unnoticed
for longer time periods, result in significant lawi&e expectancy of the BB.
Thus it is an important lesson of the monitoringteyn that to avoid this,
protection and measurements for recognizing lowebatvoltage and/or high

loads for prolonged periods are needed.

68



Another lesson is that over sizing a PV array foemote village provides a very

reliable system and, if cost permits, it is a ddsg aim in very remote locations.

Finally the difficulty in obtaining reliable monited data from a remote, rural
location is a lesson to be aware of when monitorgimote PV systems. This
difficult task is achievable and a better underditag of the system is likely after

a longer analysis period.

5.9 Significance of results

The consistent battery voltage indicates thatffdrdable, an oversized PV array
allows exceptional circumstances to occur sucheas $n the September high
loads without reducing the BB’s voltage dramatigalind also allows room for

population and load growth and changes in useeds@s they grow accustomed
to the technology, This is very important for sustdle Holistic Community

Development. (HCD)

This is ideal for a testing village, such as Tulim,very remote villages. The
disadvantage of over sizing is that the system B®yaoutput is often higher
than needed and the produced power is lost dudutlyacharged BB. This will
be reflected by the performance ratio, which wi#l lower on average than it
could be if the system was sized smaller. Not totina that an oversized system
is not as cost effective as a smaller system. &ticeiship could be determined so
that PV size is still large enough to meet all lbeeds but is as small as possible

to save on costs.
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Possible effects and benefits from electrificatainthe Tulin village include a
teaching book, which has been developed by RIDSaNépis now used in the
Tulin for Non-Formal-Education of mothers and ot#sohool children and
shows that with more light the village has a greafgortunity to learn and read.
(RIDS, 2007). Also the ability for the villagers tmd loads on although not
allowed shows they are learning about the techrylagd are adapting the
system to their needs. The system has also beaegpensibility of the village,
along with periodical field visits from RIDS-Nepataff and hence all those
involved have learnt about the technology and #guired maintenance and

limitations of the technology.

6 Conclusion

The electrification of the remote rural village Bdilin in one of the Himalayan
villages of Nepal has been a successful projectigireg basic electric light with
WLED lamps for 28 homes continuously since its atiation in 2005. The
extensive monitoring program allowed this studyineestigate how the system
components operated in a harsh, rural, remote xpnitewas found that the
design expectations were met and the system compooperated well together.
The system was always able to meet the load, exeep&onally high loads.
There were some difficulties with the charge cdigrowvhich is being rectified
and this demonstrated the importance of a CC toowall proper
charging/discharging and protection of the batteriehe central PV array has
been oversized but this was a conscious decisiganglthe design stage to allow
for growth and to ensure the remote village cowddlovided with light, even in

the worst situations of low global solar radiatimnvery high loads. Prolonged
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periods of high loads could reduce the battery Isatifetime. Difficulties in
obtaining reliable data in remote areas were erteoed, yet the success of this
project shows the potential for small scale soMvllage electrification systems
in rural and remote communities to provide a basiergy service, which helps
the life of the poor in developing countries. Thisject could in fact be used as a
template to help other communities with similar d&do achieve the basic

energy service of lighting.

7 Further Work

Tulin is not an isolated village in regards to BRi®S—Nepal community projects.
There are indeed many villages in both Humla amdldwistricts that have been
fortunate enough to benefit from the RIDS-Nepal oamity projects that
provide the ‘Family of Four HCD concept to impoigred villages. A similar
analysis of other villages with different solar By¥stems, such as in Pamlatum, a
cluster system including up to 12 homes in onetetuand in Darpari village
with each individual home having its own small sd¥&/ system or SHS (Solar
Home System) would be important to determine thegtesuccess of similar but
structurally different systems. Ultimately the itiéoation of the successful
parameters of these village electrification systemdd aid the development of a
design tool to allow other non-Governmental Orgatians’ with community aid
intentions to utilize the engineering expertise prakctical experience that these
villages provide. A design tool for implementing ainscale solar PV village

electrification systems in rural and remote villageould benefit some of the
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nearly two billion people in the world without asseto electricity and help

reduce environmental degradation simultaneously.
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Appendices

Appendix 1: BP275F Specifications.
BP280F & BP275F

Module Catalogue Number BP280 BP275
Nominal Peak Power (Pmax) 80.00W 75.00W
Voltage @ maximum power (V mp) 17.00V 17.00V
Current @ maximum power (I mp) 4.70A 4.45A
Short-circuit current (I sc) 5.0A 4.75A
Open-circuit Voltage (V oc) 21.8V 21.40V
Dimensions F=Framed L=Laminate
BP275/280F Length 1188 mm Width 530 mm
Depth 43.5 mm Weight 7.5 kg

BP275/280L Length 1183 mm Width 525 mm

Depth 4 mm (1 mm) Weight 5.5 kg

Appendix 2: PV Irradiation graph

PV module : BP Solar, BPZ70F, Manufacturer
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Appendix 3: Photo of Charge Controller (photo cesytof Alex Zahnd)
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Appendix 5: Photo of Air Heater. (Photo courtesy of Alex Zahnd)

Appendix 6: Representative Day criteria given by tmonthly averages:

Summer Winter
Parameter (June) (Jan)
Load(Wh/day) 523.8 653.7
BB (V) 26.32 26.33
POA Solar
Radiation(Wh/m2/day) 5321.7 6253.3
PV Power(Wh) 999.6 11294
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