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Summary

The goal of the underlying report is to firstly establish recommended ICT (and some lighting)
applications for the selected on"grid site Cluster Resource Center (CRC) “SDN50” at Banda Aceh
and off"grid site, junior high school “SDN Pulo Bungon at Pidie Village, that are exceptionally
energy efficient, durable (“rugged”) and suitable for its intended functional use and come at
reasonable cost. Various options were considered and each sub"chapter ends with
recommended application types. Examples of the recommended desk top computers and
laptops in particular are given in Appendix 3 &4.

In chapter 3 anticipated power consumption levels at both the on and off"grid sites served as
input data to re"calculate capacities of the required power systems. The on"grid site will be
equipped with a 2 kVA, true on"line UPS system with a battery bank that covers outages of up
to 4 hours. Moreover the UPS system will also significantly improve the quality of electricity to
ensure the smooth daily operation while safeguarding long lifetime expectancy of the ITC
equipment. Appendix 5 shows a US brand rugged UPS system that incorporates all qualities to
do just this.

The off"grid system will be equipped with a 0.65 kW Array of Solar Panels and is designed to
power both AC and DC applications. A simplified one line diagram was provided to serve as a
base design for a more detailed design that is due after the in depth “Detailed Site Assessment”
that will be implemented in March 2008.

Appendices 1,2,3 show printouts of the Homer® Micro"Power System Design Software, that
allows us to input different load scenarios, converter efficiencies, battery types and capacities,
solar radiation contingencies and many other variables. While Appendices 6 to 9 show
recommended system components consisting of batteries, solar panels, charge controllers and
inverters.
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1 Introduction

As a part of the Aceh component added to the Indonesia Decentralized Basic Education 2 program in
May 2006, and the planned use of ICT ‘s at identified CRC’s, EDC requested the assistance from Winrock
International to make an assessment of both power requisites and connectivity options for these ICT’s.
The initial assessment that was implemented in 2006 resulted in a Site Assessment Report that was
completed on 16/06/2007. The request was made against the background of observed poor conditions
of the connectivity as well as power network thus inhibiting the implementation of ICT for educational
purposes.

The Site Assessment emphasized research into the power quality as found in the city of Banda Aceh
focusing on two key issues, (1) Voltage fluctuation and (2) duration of black"outs. The data that was
collected served as input data to determine the type and capacity requirement for the anticipated UPS
system. The UPS system recommended both improves the quality of the line"power quality and provides
back"up to cover blackouts up to 4 (four) hours.

Moreover a Renewable Energy Resource Assessment was made at one other location that lacked utility
power altogether (Village of Pidie in the Sigli area). Knowledge of the extent to which solar radiation is
available and the exact trajectory of the sun enabled consultant to design an autonomous solar system
to power anticipated ICT’s.

In this report Winrock aims to:

! Determine the ITC equipment and applications that are to be deployed at pilot project locations
being SDN50 in Banda Aceh and SDN Pulo Bungong, Pidie.

! Make an accurate estimation of the anticipated operational use of the ITC’s (in hours)

! Address power consumption and overall systems cost implications in selecting low"power
desktops, laptops, and energy"efficient monitors

! Provide base design for recommended power systems for both on grid (SDN50) and off grid
(SDN Pulo Bungong) locations
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2 Anticipated appliances and estimated daily use (in hours)

2.1 Consultation with EDC
The initial Site Assessment report made notion of a number of appliances that would need to be
powered at CRC’s. Those mentioned were (1) Ambient Class Lighting, (2) Premises lighting, (3) Desk"top
computers, (4) Laptop computers, (5) TV’s (25 and 29 Inch), DVD players.

At a consultation meeting held at EDC in December Winrock and EDC’s ICT and senior management staff
attempted to narrow down the anticipated appliances within the programmatic objectives of the DBE2
arriving at a list of most likely appliances to be deployed at selected CRC in Banda Aceh and school in
Sigli area Village of Pidie. The goal of the meeting was to establish a more accurate estimation of the
applications and corresponding power consumption than assumed in the Site Assessment report. The
deputy COP provided a number of examples of the kind of ICT activities had been implemented at a CRC
Central Java; students being assigned to make a digital library / documentary using a handy"cam and a
laptop. Moreover the deputy explained the possibility of the implementation of Intel Teach program
which focused mostly on how to use a computer. In addition he highlighted the objective of active
learning with ICT’s, which focuses on the learning process rather than gaining computer literacy.

For the time being no internet applications are foreseen for selected locations and therefore associated
hardware is not required to be considered in the reassessment. In the tables below anticipated
appliances and operational hours are mentioned.

Appliance Max number of
units

Number of days operated per
week

Number hours per
session

Desk top computers 5 5 4

Printer 1 5 4

TV 1 5 2

DVD 1 5 2

LCD projector 1 1 2

Digital Still camera 1 1 4

Lighting 3 12 7

Table 1: Anticipated appliances and use at CRC SDN 50 (mains available)
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The pilot at the currently un"electrified SDN Pulo Bungon, Pidie Village, is aimed at a trial of ‘a very light
use’ of ICT’s. The deputy envisions that one computer will be used exclusively by the teachers for
purposes of administration and producing tutorial material and the like. In addition it is probable that
once a week some ICT related program is executed, which could involve the use of a digital still camera,
video camera or solely one personal computer. It seems practical that for this purpose a laptop
computer is employed as mobility is a key issue as it is foreseen that the computer would be moved
from class to class. Security and storage issues need to be considered if a laptop is to be deployed in this
particular location.

Appliance Max number of
units

Number of days operated
per week

Number hours per
session

Desk top or laptop
computers (I)

1 5 8

Desktop or laptop
computers (II)

1 1 3

Printer 1 5 4

TV 1 5 2

DVD 1 5 2

Digital Still camera 1 1 4

Lighting 3 7 12

Table 2: Anticipated appliances and use junior high school SDN Pulo Bungon (off"grid)

In chapter 3 we will calculate cumulative power consumption by multiplying the number of hours of
appliance use by the power consumption of the appliances selected.

2.2 Appliances Choices and considerations

In order to optimize capacity requirements for both the off"grid and on grid power systems we here
attempt to list these appliances once more focusing on energy efficient appliances.
Moreover we look at issues as ruggedness and suitability for the environment were the appliance will be
operated on a daily bases. Our ultimate goal is to arrive at (1) optimized and durable power systems that
have the capability to run a number of (2) energy efficient and highly durable appliance so that CRC’s
can reap their education benefits for many years to come. The text is partly adopted from the Winrock’s
publication: “Guide to Energy Options for Small"Scale Rural ICT Options”.

2.2.1 Lighting
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Considerations
Lighting is required at both pilot locations for reasons of security. It is advised that that the premises in
the vicinity of the ICT equipment is sufficiently illuminated. The use of energy efficient lighting in both
locations is essential but for different considerations. At SDN 50 lighting should not fail in case of
/because of a black"out as it would provide a window of opportunity for break"ins. As low power
consumption lengthens the autonomy time of the UPS system it is connected to, it is recommended to
use energy efficient lighting. Energy efficiency is even more important for the off grid system; power
consumption determines by and large the capacity of the solar system required. Taking in consideration
that the delivered cost of off"grid power varies in the range of US$ 0.5 at the low end up to US$ 15 per
kWh at the high end (as compared to the tariff applied by the utility company PT PLN (Persero) US$ 0.07
/per kWh on grid) it is essential to minimize power consumption where possible. CFL lighting is available
for 220 VAC and 12/24 VDC. 12/24 VDC lighting comes at a premium price but omits the inverter
requirement and therefore maybe considered

Recommendations
It’s recommended that a minimum of 2 (two) and a maximum of 4 (four) Compact Fluorescent Lights in
the range of 8 to 11 watts are deployed at both locations. Good quality units have a life"time of
minimum 6000 burning hours and 55 lumens per watt output (55lm/watt). Hereunder some example
pictures are given of well known brands Philips, Osram and GE that operate at 220 VAC. At the right side
some examples of 12 VDC lighting of the Phocos and Labcraft brands. These units are build"to"last and
claims by its manufactures of 10000 burning hours are not out of the ordinary.

Figure 1: Branded CFLs 220 VAC Figure 2: Branded CFL 12 VDC
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2.2.2 Computers monitors and displays

Considerations
Cathode Ray Tube (CRT) monitors have been the standard displays used in desktop computer systems,
and CRT technology has also dominated the television market until recently. In some markets, liquid
crystal display (LCD) monitors are increasingly displacing CRT monitors. In the average desktop computer
system, 60% of the energy consumption is due to the cathode ray tube (CRT) monitor. The normal
power requirements of 15” to 21” CRT monitors typically fall between 65 W and 120 W. CRT monitors
require a burst of energy upon startup equivalent to 2"5 times normal operating power consumption.
Liquid crystal display (LCD) monitors are built into notebook computers and are available as standalone,
flat monitors for connection to desktop computers. The most common type of LCD is the thin film
transistor (TFT) display, also known as an active matrix display. LCD monitors typically consume one
third to one half the power of a comparably"sized CRT monitor. The 15” standalone LCD monitors
reviewed, typically had a maximum power rating of about 30 W and reported normal active power
consumption of 20"25 W. Although pricing in developing countries may be significantly higher due to
import duties and other markups, it is worthwhile to keep checking local availability and prices because
global manufacturing capacity for LCD displays has increased over the past several years and further
significant declines in price are expected. A short survey held in Jakarta retail prices for 15 Inch LCD
screens varied between IDR 1.6 Million and IDR 3.0 Million. LCD screen with build"in DC to DC power
supplies for a DC power sources are usually significantly more expensive than standard AC voltage LCD
screens as they are designed mostly for industrial appliances. Most of the standard units have a build"in
AC adaptor (that supplies a regulated DC voltage of 12VDC and a current of 3 – 5 Amps). Those units
that are powered by an external AC adaptor can potentially be powered by DC voltage from PV system
without having to deploy (costly and inefficient) inverters. It should be noted though that a DC to DC
regulated power supply is required to prevent DC voltage fluctuating which can be detrimental to the
LCD.

Figure 3: Industrial type LCD monitor (9 " 30 VDC)
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Recommendations
As power consumption savings are significant and start up currents lower Winrock recommends to use a
LCD screen for desk top applications in both on"grid and off"grid situations. In most cases 14 or 15 Inch
LCD screens should be sufficient for individual use. In on"grid situations the standard units (220 VAC
input voltage) are the recommend choice. In off"grid situations 12 VDC units might be considered to
lower the overall power consumption. In order to keep the cost within limits, standard units with
external power supplies can be modified by deploying DC to DC converters (and thus not using the
standard adaptor it comes with).

2.2.3 Computers

Considerations
Because computers consist of a wide variety of power"consuming components, power consumption
varies substantially from one computer to another. To determine the size of an energy system for off"
grid computing facilities, the key parameter that needs to be established is the average power
consumption of the computer while running the types of software applications that will be used.
Computer processing units are responsible for a significant percentage of a computer’s power
consumption. As the power of processors has increased with each new generation of chips, maximum
CPU power has risen as well. Processors designed to be used in laptop / notebook computers typically
consume much less power than those designed for desktop computers. While there is little published
information about the power consumption of computers by the world's major manufacturers, there is
even less information regarding “white box” computers assembled by local companies in developing
countries. Locally assembled computers cost significantly less than imported models, and have come to
dominate many local markets in terms of market share. Increasingly common and affordable options are
smaller pre"manufactured computers, with local assemblers only adding RAM, optical drive, and in some
cases hard drive. A number of these are available with low power consumption CPUs and in fanless
configurations that are sealed against dust, rain, insects, and other environmental contaminants (see
also Low"Power Desktop Computers).

Desktop computers
Standard desktop computer systems consist of two main parts: the central processing unit (CPU) and
other hardware components enclosed in a case with the motherboard, and a monitor or display device.
Since these two parts of a desktop system are typically separate standalone devices, we consider their
power consumption requirements separately. This section discusses the power requirements of the
computer without a monitor. In 2001, a study by the Lawrence Berkeley Laboratory (LBL) estimated that
the average desktop computer excluding monitor – consumed 50 to 55 W during normal activity, 25 W
in low power mode, and 1.5 W when off (Kawamoto et al, 2001). As the power of processors has
increased with each new generation of chips, maximum CPU power has risen as well. For example, the
Intel P4 desktop processor, which is available at clock speeds ranging from 1.3 to 3.2 GHz, consumes
significantly more power than the previous generation of desktop chips. Moreover the white box desk
tops are likely to have higher power consumption as they apply standard power supplies that
accommodate for a wide range of computer specifications (estimated at 60 – 80 watts).
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Low"Power Desktop Computers
This guide considers low"power desktop computers to be those models with low"power CPUs and
average power consumption between 20 W and 40 W, excluding the monitor. All"in"one desktops, in
which the motherboard and an LCD monitor are integrated into a single casing, provide additional
energy benefits because the LCD monitor uses the same power supply as the computer and therefore
consumes less energy. Low"power desktops often include custom"built and off"the"shelf models based
on the Mini"ITX or VIA EPIA series main boards. These computers are designed for industrial appliances
and tend to be more expensive than standard desktop computers (both white box and branded ones).
On the other hand for certain type they are available with a DC power supply making them suitable to
power directly from batteries without the need to include an inverter. They can be built and customized
to rugged type specifications. Fanless types include a large heat"sink that allows passive cooling and as
such they use less power and are less prone to failure. Moreover, these computers are usually offered
optionally to be outfitted with “extreme environment” spinning hard disks types to be able to withstand
higher temperatures, or solid"state flash drives, which are particularly suitable options in the
environment as found at the Aceh sites. In Appendix 3 we list a number of examples of recommended
types. These units can be ordered and configured on"line to customers’ specifications. All units
displayed in Appendix 3 are fanless and are specified to run Windows XP Professional as requested by
EDC.

Figure 4: Inside a low power desk top (source: Hush Technologies)

Notebooks/Laptops
Notebook computers consume much less power than desktop systems. First, notebook computers use
energy"saving LCD monitors. Second, the CPU, components and software in a notebook computer are
designed to conserve power so as to maximize battery operation times. Third, notebooks use external
power supplies that are much more efficient than the power supplies used in most desktop systems.
When describing the power consumption of notebook computers, the power consumption of the
monitor is automatically included because the display is integrated into the unit. The average power
consumption of new notebook computers nowadays spreads over a range, from about 10 W to 50 W.
Particular notebook models and power"saving technologies change rapidly in the fast"moving computer.
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Notebooks based on Intel’s Pentium M – which includes those labeled as Centrino technology advertise
4 to 5 hours on their main batteries. Using two batteries, some notebooks advertise battery life of up to
10 hours. Recent generations of mobile processors reduce power consumption by clocking down the
processor frequency and stepping down the supplied voltage when battery life needs to be extended.
When the system is idle or when the applications running on the notebook don’t require maximum
processor performance. When this happens the drain on the battery is reduced. Notebook power"saving
technologies are frequently subject to user modification through the computer’s power management
settings. The user can choose settings that guarantee maximum processor performance, maximum
battery life, or settings in between.

Especially in a rural setting in developing countries ample consideration should be given to the reliability
requirements of laptops. Standard laptops are designed to operate in indoor environments where
temperatures seldom exceed 30 Degrees Celsius and potential dust accumulation in"side the computer
is a minor consideration. For rural applications ruggedness becomes a major consideration as service
points are usually far and away. Most branded computers offer rugged types however at a premium. As
these particular laptops are built to be used in both outdoor and indoor settings (and certainly not as a
desktop replacement) they usually are efficient in power consumption as indicated by long autonomy
times (examples of recommend types: Appendix 4)

Recommendations on"grid location SDN50
Winrock recommends fan"less, low power desktop computers with LCD screen for on"grid location
“SDN50” for on the following grounds:

1. Its relatively low start up currents:

! Low capacity grid connection is adequate hence lower monthly fixed subscription cost

! Lower capacity UPS system required hence lower UPS System capital cost

2. Its efficient use of power (average 40"50 watts) :

! Total power consumption in kWh modest hence lower monthly variable electricity bill

! Smaller battery capacity sufficient hence lower UPS system cost

3. Its Rugged and durable design:

! Changes of failure modest and as a result minimal down"time, maximum education up"time

! Lower running cost

4. Its Desktop functionality:

! Stationary in one place and therefore more easy to secure than laptop / notebook

Recommendations off"grid location “Pulo Bungon”
Winrock recommends, one fan"less, low power desktop computers with LCD screen for off"grid location
on following grounds:
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1. Relatively low start up currents:

! Low capacity inverter is adequate hence lower system capital cost

! Available in DC version and thus inverter could be omitted altogether

2. Efficient use of power (average 40"50 watts) :

! Total power consumption in kWh modest hence lower system capital cost

! Smaller battery capacity sufficient and therefore lower system capital cost

3. Rugged and durable design

! Suitable for SDN 50 Pulo Bungon site which is hot, dusty and close to the sea

! Chances of failure modest hence minimal down"time, maximum educational up time

! Reliability is of paramount important especially in remote locations

4. Desktop functionality

! Stationary in one place hence much more easy to secure than laptop / notebook

! Mobility not required for unit for teachers room to be used for Admin and preparation of lesson
material

Winrock recommends also one Laptop / notebook of the rugged type for off"grid location on following
grounds:

1. Very efficient use of power (average 20 watt) :

! Total power consumption in kWh modest hence lower system capital cost

! Smaller battery capacity sufficient lower system capital cost

2. Rugged and durable design

! Suitable for SDN 50 Pulo Bungon site which is hot, dusty and close to the sea. Furthermore the
unit will be moved around from class to class and therefore a strong and rugged design is highly
desirable

! Chances of failure modest hence minimal down"time, maximum educational up time

! Virtually no maintenance and therefore low running cost

3. Laptop functionality

! Mobile with internal battery in line with planned activities require that the computer is used by
all classes and there mobility is a key requirement

2.2.4 Printers
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Considerations
The power consumption of devices in this category varies greatly by capacity and speed of
printing/copying, type of technology and quality of output. As a general rule, ink jet printers typically
consume significantly less energy than laser jet printers. Kawamoto et al (2001) reported stock"wide
average power consumption of 17 W – 20 W for ink jet printers compared to 30 W for residential laser
printers and 77 W for commercial laser printers. As with all consumer ICT devices, one must check the
power consumption specifications for each particular model.

Recommendations
Winrock recommends to deploy ink jet printer to be deployed at both the on"grid as well as the off grid
location primarily because of their low power consumption. With the many cartridge refill stations in
Indonesia they are relatively cheap to run too. The standby current of the ink jet printer is a concern in
the case of the off grid system and therefore clear guidelines should be provided denoting that the unit
is only to be turned on when printing is required.

2.2.5 Television sets

Considerations
Television sets have no internal moving parts and are therefore very reliable. Although conventional
television sets are built on the same CRT technology as standard computer monitors, television sets
contain in"built tuners to receive and decode the television signals whereas computer monitors do not.
Most standard television sets operate with AC power, although there are also television sets that
operate directly on DC. Of the main TV display technologies, LCD televisions usually consume the least
energy for a given screen size, followed by CRT tube displays, flat screen CRTs, plasma televisions, and
LCD rear projection displays. Television sets with CRT picture tubes are by far the most common and
least expensive units. In the table provides Winrock’s recommendations for the level of power
consumption by CRT color television sets that are appropriate for off"grid use. Turning on a TV set
demands two or three times more power than is used during normal operation. If the inverter does not
have enough starting capacity, it may be difficult to start up the television. Many television sets continue
to consume electricity when they appear to be turned off, particularly those that have a remote control.
One option is to use an inverter with a switch that cuts the power to the whole load. Most television
sets have a “hard off” switch on the main body of the unit that disconnects the device from the external
power supply, even though the TV power cord remains plugged in to the outlet.

Screen Size Standard Low Power Range

21 Inch NTSC 60 – 70 Watt

26 Inch NTSC 75 – 90 Watt

29 Inch NTSC 100 – 120 Watt

Table 4: CRT Television sets and power consumption range
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Recommendations

Winrock recommends a 29 Inch Television set to be deployed at the grid connected CRC “SDN 50” and a
26 Inch Television set at the off grid school “Pulo Bungon”. It is furthermore recommended to measure
the power consumption in stores to select a model with the lowest power consumption

2.2.6 Other Appliances

Considerations
The current drawn by Digital Still Cameras, DVD players are small and there is little variation from brand
to brand. LCD projectors have high power consumption but as they are estimated to be used once a
month their power consumption only marginally influences system requirements

Appliance Estimated Power Consumption

Digital Still Camera’s 5 " 10 Watt (for battery charging)

DVD players 15"25 Watt

LCD Projectors 200 " 300 Watt

Table 5: Other appliances, estimated Power Consumption

Recommendations
Winrock recommends all branded types Still Camera’s, DVD and LCD projector and preferably those that
have a service point in Banda Aceh.

3 Power System’s design for on"grid and off"grid sites

3.1 Un"interruptible Power Supply System for SDN50

3.1.1 Load scenario and capacity design considerations
The Un"interruptible power supply system for SDN"50 assumes that the following appliances are to be
backed up (as per recommendations):

" Four (4) CFL’s with a power consumption of 11 watts
" Five (5) low power desktop computers & LCD screen. Power consumption, maximum 70 watts
" One (1) Ink Jet Printer with a power consumption of 20 Watt
" One (1) 29 Inch color Television, with a power consumption 120 Watt
" One (1) DVD player with a power consumption of 20 Watt
" One (1) LCD projector, with a maximum power consumption of 300 Watt
" One (1) Digital Still camera with a maximum power consumption of 10 Watt
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Load Factor Assumptions Operational Hours during the day & load factor in (kW)

Appliances
Power

consumption
kW / Unit

Number
of Units

7:00
A
M

8:00
A
M

9:00
A
M

10:00
A
M

11:00
A
M

12:00
A
M

1:00
PM

2:00
PM

3:00
PM

4:00
PM

5:00
PM

6:00
PM

Ambient Class
Lighting, CFL

0.011 4 0 0 0 0 0 0 0 0 0 0.04 0.04 0.04

Desk Top
Computers

0.070 5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0 0 0

Ink Jet Printer 0.020 1 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0 0 0

TV, 29 Inch 0.120 1 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0 0 0

DVD Player 0.020 1 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0 0 0

LCD Projector 0.300 1 0 0 0 0.3 0 0 0 0 0 0 0 0

Still Camera 0.010 1 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0 0 0

Input Scenario for Hourly Load factor (kW): 0.52 0.52 0.52 0.82 0.52 0.52 0.52 0.52 0.52 0.04 0.04 0.04

Table 6: Load scenario on grid site SDN50

UPS Sizing table

No Description Value unit Remarks

1 Nominal Load 0.82 kW Peak load of all applications (max load scenario)

2 Start up Surge factor 1.50 Max
Due to degaussing of CRT screen & inrush power

supplies

3 Required Power capacity 1.23 kW Equals Nominal load x Surge factor

4 PF of Applications ICT 0.65 Lagging Result of switching power supplies on appliances

5 Capacity Requirement 1.89 kVA Required Power Capacity / minimal input Pf

6 Back up requirement 4 hours Covers the majority of power outages in Aceh

7 Max Dept of Discharge 70 % Deeper discharge shortens battery life"time

8
Battery Capacity Ah

requirement
195 Ah Takes factors 1, 6, 7 into account and assumes 24 VDC

Table 7: UPS Sizing
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Conclusions and additional considerations:

1. With an safety factor of 10% a UPS capacity with 2000 VA capacity is recommended (PF out > 0.6)
2. To determine the required PLN connection capacity (in Amps rating) we need to take the lowest

main voltage in account (+/" 160). The max current drawn then is 2000/160 = 12.5 Amps. In case a
black"out has occurred, the UPS will need to re"charge batteries and at the same time maintain
the load. If we assume that the UPS’ rectifier current does not exceed 10% of the Ah battery
capacity then an additional current of ((200 Ah*10%) * (24 VDC/160 VAC)) = 3 Amps. A total
current of 12.5 + 3 = 15.5 Amps needs to be anticipated in the electrical installation.

3. A 24 VDC battery bank with a capacity of 195 Ah will provide a long autonomy of 4 hours at the
assumed load. If the actual load is lower than then than obtained autonomy will become
significantly longer (non linear discharge curve).The relative Depth Of Discharge (or DOD) has a
profound influence on the cycle life of the batteries. It is expected that the batteries the batteries
life time can last up to 10 years if blackouts are less frequent and for period short than it
autonomy design (in this case 4 hours) .

4. Recommended batteries are Lead Acid, Industrial type vented, deep"cycle batteries (as opposed
to stand"by type of batteries) are the cycle"life of these batteries is far superior from batteries
designed for standby applications (these types of batteries are suitable in areas that have less
frequent outages). All other types of batteries are less suited to tropical temperatures and would
required air conditioning to ideally cool ambient temperature of 24 degrees Celsius.

Find below a simplified one line diagram of the UPS system proposed by Winrock for the CRC SDN50 at
Banda Aceh.

Figure 5: One line Diagram On"Grid System
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3.1.2 UPS Type

There is little doubt that an on"line type of UPS is the right choice of Banda Aceh, prolonged brown"outs
being the foremost reason. In addition it provides a formidable protection from other main pollutions
(spikes in particular). The UPS type should be ruggedly build and able to withstand temperature up to 35
Degrees Celsius. For further discussion on the type of UPS, we refer to Site Assessment report (p29"32).

3.2 Designing an Photovoltaic Power Supply System for SDN Bungong

3.2.1 System design methodology using HOMER®

In order to achieve an optimal system a number of load scenarios are run with help of System Design
Optimization software. The package that is used here is HOMER® that was developed by National
Renewable Energy Laboratory (http://www.nrel.gov/homer/ ). It allows us to input different load
scenarios, converter efficiencies, battery types and capacities, solar radiation contingencies and many
other variables. In chapter 2 we looked at optimizing the load scenario by focusing on low power
appliances. In this chapter power consumption and load scenarios are combined with the objective to
design an optimized Solar Power Supply for SDN Pulo Bungon.

3.2.2 Optimized Load scenario

The table below shows the optimized load scenario as anticipated at the SDN Pulo Bungon. It is unlikely
that the actual use of ICT’s will follow this exact scenario; especially in the inception phase of the
introduction of ICT most likely ICT use will be less intensive than portrayed here. As such it should be a
safe (but not overly safe) approach to system design.

The methodology here is identical to the followed in the Site Assessment report. It only differs in the
sense that the input data is more refined in terms of appliances used and respective power consumption
figures. The load data obtained in this way has been loaded to the HOMER Simulation. APPENDIX I
summarize the input data comprising (1) Load Scenario, (2) Component sizing to consider (3) Solar
Resource (4) Economics (5) Constraints.

3.2.3 Homer Optimized System

The overall results can be found in Appendix 2. In the table below the proposed system specifications
are outlined. Build to the specifications as below the system should run without power shortages
throughout the whole year, provided that the load scenario is followed as outlined in table 8.

The overall results show that the configuration outlined in table has the lowest COE (Cost of Energy) and
thus represents the optimum design at given inputs.
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Load Factor Assumptions Operational Hours during the day and load factor in (kW)

Appliances
Load
kW /
Unit

No.
of

Units

7:00
A
M

8:00
A
M

9:00
A
M

10:00
A
M

11:00
A
M

12:00
A
M

1:00
PM

2:00
PM

3:00
PM

4:00
PM

5:00
PM

6:00
PM

Premises
Lighting &
Other, CFL

0.009 3 0 0 0 0 0 0 0 0 0 0 0 0.03

Desk Top
Computers
w. LCD

0.070 1 0 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0 0 0

Laptop
Computer 0.030 1 0 0 0 0.03 0.03 0.03 0 0 0 0 0 0

Other (1)
Printer 0.020 1 0 0 0 0.02 0 0 0 0 0 0 0 0

TV, 26 Inch 0.090 1 0 0 0 0.09 0.09 0 0 0 0 0 0 0

DVD Player 0.015 1 0 0 0 0.02 0.02 0 0 0 0 0 0 0

Other:
Digital Still
Camera

0.010 1 0 0 0.02 0.02 0.02 0.02 0 0 0 0 0 0

Input Scenario for Hourly Load
factor (kW): 0 0.07 0.09 0.24 0.22 0.12 0.07 0.07 0.07 0 0 0.03

Table 8: Load scenario off grid site Pulo Bungon

no Component Proposed Capacity Estimated Cost /unit Total cost

1 PV (Photovoltaic) 0.65 kW US$ 6,500/kW US$ 4,225

2 Batteries 12 Units/200 Ah/2V US$ 360/unit US$ 4,320

3 Inverter 0.5 kW US$ 500/unit US$ 500

4 Other (Balance of System) " " US$ 3,000

Total cost (estimated) US$ 12,045

Table 9: Off grid Photovoltaic power system, capacity and estimated cost

Find below a simplified one line diagram of the autonomous Photovoltaic system as proposed by
Winrock for the school SDN50 at Pidie Village.
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Figure 6: One line diagram Off"grid system

3.2.4 Component Specifications, detailed design and follow"up reporting

This report has focused mainly on system capacity optimization based on load assumptions and only
modest attention was given to detailed component specifications (although examples of recommended
applications and components were given in the appendices). The main objective of this report is to serve
as a solid base for further detailed systems design that will go more into depth on the selection criteria
for components that form bases for the tender documents.

These details will be outlined in a follow"up report that will be compiled after a second site survey is
implemented by the Winrock Project team consisting of the project leader and an electrical engineer.
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APPENDIX 1 (Homer Input Summary)
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HOMER Input Summary 

File 
name: SND-Bungong-ReAss1min.hmr 

File 
version: 2.63 beta 

Author: Bernard Castermans 

Notes: Optimized Load Scenario: - Low Power Desktop (8 hrs/d) - Printer (1 hrs/d) - Laptop (2hrs/d). - TV, DVD 
player; 2 hrs/d - Lighting of the premises 3 units of 9 watt/12 hrs  

 
AC Load: Load Scenario 
Data source: Synthetic 
Daily noise: 10% 
Hourly noise: 25% 
Scaled annual average: 1.28 kWh/d 
Scaled peak load: 0.413 kW 
Load factor: 0.129 

 

PV 
Size (kW) Capital ($) Replacement ($) O&M ($/yr)

1.000 6,500 6,500 0

Sizes to consider: 0.25, 0.40, 0.50, 0.60, 0.65, 0.70, 0.80 kW
Lifetime: 20 yr 
Derating factor: 90% 
Tracking system: No Tracking 
Slope: 6 deg 
Azimuth: 0 deg 
Ground reflectance: 0% 
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Solar Resource 
Latitude: 5 degrees 23 minutes North 
Longitude: 95 degrees 54 minutes East 
Time zone: GMT +7:00 

Month 
Clearness Index Average Radiation

 (kWh/m2/day) 

Jan 0.470 4.449

Feb 0.522 5.208

Mar 0.503 5.234

Apr 0.472 4.917

May 0.443 4.471

Jun 0.467 4.603

Jul 0.437 4.345

Aug 0.429 4.387

Sep 0.416 4.296

Oct 0.426 4.281

Nov 0.456 4.354

Dec 0.468 4.332

Scaled annual average: 4.57, 3.50 kWh/m²/d

 

Battery: Hoppecke 4 OPzS 200 
Quantity Capital ($) Replacement ($) O&M ($/yr)

1 360 360 0.00

Quantities to consider: 6, 12, 24, 48, 72 
Voltage: 2 V 
Nominal capacity: 200 Ah 
Lifetime throughput: 680 kWh 
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Converter 
Size (kW) Capital ($) Replacement ($) O&M ($/yr)

0.400 400 400 0

0.500 500 500 0

1.000 1,000 1,000 0

2.000 2,000 2,000 0

Sizes to consider: 0.3, 0.4, 0.5, 0.6, 0.7 kW
Lifetime: 10 yr 
Inverter efficiency: 90% 
  
  
  

Economics 
Annual real interest rate: 15% 
Project lifetime: 10 yr 
Capacity shortage penalty: $ 0/kWh 
System fixed capital cost: $ 3,000 
System fixed O&M cost: $ 500/yr 

 
Generator control 
Check load following: No 
Check cycle charging: Yes 
Setpoint state of charge: 80% 

  
  

Constraints 
Maximum annual capacity shortage: 0% 
Minimum renewable fraction: 0% 

Operating reserve as percentage of hourly load: 10%
Operating reserve as percentage of peak load: 0% 
Operating reserve as percentage of solar power output: 0% 
Operating reserve as percentage of wind power output: 0% 
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APPENDIX 2 (Homer Overall Results)
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APPENDIX 3 (Recommended Low Power Desktop Computers)
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1. Logic Supply (US Brand)
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2. AAEON (Taiwan)
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3. Orbit Supply (US Brand)
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APPENDIX 4 (Recommended Laptop Computers)
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1. Dell ATG Rugged Laptop (US Brand)
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2. Hewlett Packard Rugged Laptop (US Brand)
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APPENDIX 5 (Recommended UPS Systems)
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1. Acumentrics Rugged UPS (US Brand)
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APPENDIX 6 (Recommended Batteries)
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1. Exide Marathon (US/European Brand)
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2. Exide Classic OPzS Vented (US/European brand)
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3. Hoppecke (German brand, manufactured in Indonesia under
license)
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APPENDIX 7 (Recommended Solar Panels)
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1. Photowatt PW750 (US Brand)
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2. Evergreen Solar Spruce Line (US Brand)
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APPENDIX 8 (Recommended Charge Controllers)
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1. Morningstar
(ProStar)
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2. Xantrex C series (US Brand)
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APPENDIX 9 (Recommended Inverters)
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1. Morningstar SureSine300 (US Brand)

2. Studer AJ Series (Swiss Brand)
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3. ASP (Swiss Made)
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