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1 System Design

1.1 Background

This is a design document for two village power systems in the Peruvian Amazon
region.

The estimated loads for the villages are:
e Indiana — 600 kWh per day
e Padre Cocha — 300 kWh per day
These villages will be supplied with hybrid PV-Diesel-Battery power systems.

1.2 System Configuration

The power systems are designed in increments of 150 kWh per day, so Indiana will
receive four systems while Padre Cocha will require two systems.

Each power module will contain a battery bank, a battery charger, a photovoltaic
array, and an inverter to convert the DC energy from the batteries to AC for use in
the village.

The power modules are designed for 50% equipment expansion.

The Indiana power system will consist of four RPS-150 modules. Physically the
system will comprised of four battery enclosures and an electronics enclosure.

The Padre Cocha power system will consist of two RPS-150 modules. Physically the
system will comprised of two battery enclosures and an electronics enclosure.

The RAPS-150 modules are designed using a DC Bus topology, which means that
the inverter and battery charger are separate devices. The advantages for a DC bus
topology include:

e Simplified controls for inverter (leads to higher reliability)

e Simplified controls for battery charger (leads to higher reliability)
e More flexibility for expansion

e More flexibility for battery charge control

Orion Energy has worked with Advanced Power Associates to develop the following
design for the RESPAR systems:

e The system will use a DC bus design, incorporating a 40 kW, three phase
BlueStar™ inverter and a 40 kVA battery charger for each module.

e The inverter is a three-phase AC sine wave design using high frequency (16
kHz) PWM and IGBT switches. Surge capacity is 200% minimum. Inverters
will operate off the full/entended range of a 240 V VRLA battery.
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e Inverter efficiency will be 95% or greater.

e The multiple system inverters will be operated in a master-slave mode via a
fiber-optic control circuit.

e All inverters will be microprocessor controlled.

e Kach inverter will have the capability of being reconfigured as either master
or slave, in order to prevent single point failure mode due to failure of the
mater inverter controller.

e The battery chargers will be HFS (high-frequency-switching) design with
three-phase AC input from the generator, and will have the capability of
being programmed with advanced charging algorithms.

e All battery chargers will operate independently with the primary
responsibility of charging their own battery banks.

1.3 RPS-150 Module

Each RPS-150 module includes:
e 750 Ah battery bank @ 240 VDC
e 15 kW(p) Photovoltaic array
e 40 kW/50 kVA BlueStar inverter
e 40 kW battery charger

e Integrated Monitoring and controls

1.4 Generator Interface

A single generator will charge all modules connected to the system via the
independent battery chargers. The generator interface will be via a standard three
phase AC circuit breakers distribution box in the electronics enclosure.

1.5 Grid Interface

The inverters in the systems will be connected in a master/slave arrangement, and
the outputs will be paralleled to the output of the system. Total output to the
systems will be:

e 80 kW /100 kVA (Padre Cocha)
e 160 kW /200 kVA (Indiana)

The inverters have a 200% surge rating, so instantaneous output will be double the
above ratings.

All of the inverter outputs will be combined via a standard three phase AC circuit
breaker distribution box in the electronics enclosure.
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1.6 Monitoring and Communications

Each system will include full monitoring of basic system parameters. In addition,
all data will be available remotely via an Inmarsat satellite monitoring system.
This circuit breaker panel will include room for 50% expansion.
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2 RPS-150 Module

2.1 OQOverview

The RPS-150 Module is designed to supply loads of 150 kWh per day, using a
battery/electronics package with battery charging via a PV array and diesel
generator.

Up to six standard modules can be connected in series, to supply design loads up to
900 kWh per day.

Each RAPS system includes at least one RPS-150 and one supervisory control
module. The batteries are stored in a single shelter, and a separate shelter is used
for up to six inverters and associated controls.

2.2 Battery

The battery in the RPA-150 Module will consist of two parallel strings of VRLA
batteries, which will be supplied by Battery Energy South Pacific. The specific
battery is the “Energel.” This battery is a gel-type VRLA with proprietary plate
compression technology to increase cycle life. This battery is similar to the SunGel,
except that the SunGel is optimized for the lower rate charge and discharge of
standalone PV systems.

The initial design calls for 750 Ah at 240 V in parallel strings (375 Ah/string).
Based on discussions with BESP, we recommend use of the Energel 650 battery
rated at 450 Ah at the 10 Hr rate.

Battery dimensions are:
(to be supplied)

Each module will use 240 cells - two strings at 240 V (120 cells). Each string will
have a current sensor, a current limiting fuse and a solid state switch for
disconnect/control purposes. The battery will have a single negative ground.

A single dedicated rectifier will charge the two strings of batteries, with provisions
for electrically isolating strings for optimum equalization.

These batteries will be mounted on shelves inside the equipment shelter, as shown
in drawing D003205. The vertical shelf supports will be welded into the structure
of the shelter, and the batteries will be housed on five rows of heavy-duty shelving.

The battery will include an intensive monitoring system with temperature and
voltage for every block of six cells.

The electrical and mechanical design will allow for one additional string to be added
as expansion.
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2.3 Battery Charge Rectifier

The battery charge rectifier will be supplied by Orion Energy Corporation and will
have the following specifications:

e Model — RBC-40/240C

e Power Rating — 40 kW

e Input -- 220/380, 60 Hz three phase AC

e QOutput — 240 VDC nominal, 200-320 VDC

e Technology — High Frequency Switching using IGBTs

e Kfficiency — 95%

e (Cooling — Forced Air

e Packing — NEMA 4 with external heat sinks and cooling fan

e Dimensions and weight (to be supplied)

e Environmental -- -20 to +45C, 0-100% humidity, non-condensing

e Controls — Microprocessor controls with supervisory RS485 access to
operating modes and setpoints

2.4 Inverter

The battery charge rectifier will be supplied by Orion Energy Corporation and will
have the following specifications:

e Model — BlueStar 503/240C

e Power Rating — 40 kW / 50 kVA

e Output - 220/380, 60 Hz three phase AC

e Input - 240 VDC nominal, 200-320 VDC

e Technology — High Frequency Switching using IGBTs

e Kfficiency — 90-96% at greater than 25% load

e (Cooling — Forced Air

e Packaging — NEMA 4 with external heat sinks and cooling fan
e External isolation Transformer

e Dimensions and weight (to be supplied)

e Environmental -- -20 to +45C, 0-100% humidity, non-condensing

e (Controls — Microprocessor controls with supervisory RS485 access to
operating modes and setpoints

e Controls — Master/slave for paralleled inverters via fiber-optic link
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e Kach inverter control board can be configured as master or slave.

2.5 Module Control System

The module control system will be supplied and will have the following
specifications:

e Module Control Board - NGC3188A Microprocessor Controller with local
display, RS485 control bus and RS232/485 External Communications bus.

e DC Bus monitor — NGC2010A Microprocessor Controller with 2 subarray
current, DC voltage and two temperature inputs. Relay drivers for PV
subarray controls.

e Battery Bus monitor — NGC2010A Microprocessor Controller with 3 string
current, 3 DC string voltage and two temperature inputs. Relay drivers for
PV subarray controls and battery bus isolation.

e RS485 interface to inverter and battery charger controllers

2.6 Generator Interface

The output of the generator will go into the 3 phase generator distribution panel,
via a 3 phase circuit breaker. The battery chargers will be connected to branch
breakers in this panel.

2.7 PV Array

2.7.1 PV Modules

The PV array consists of multiple subarrays, and will have the following
specifications:

e PV Module — Solarex SX85
e # Series — 18

e # Parallel — 10

e Net Power — 15 kWp

2.7.2 Array Structure

The array will be mounted on elevated racks, with at least one meter of ground
clearance. Nine modules will be mounted on each set of panel rails. The panel rails
will be attached to horizontal poles. The poles will be supported by the equipment
shelters, or by concrete pillars. Ten panels will be mounted side by side to form a
subarray. Each module will have two subarrays.

Drawing D-003218 shows array structure layout for both shelter-mounted and
ground-mounted arrays.
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2.7.3 Array Wiring

The PV modules will be wired is series strings of eighteen modules, consisting of
two physical panels. Five of these strings will be combined in a string-combiner box
(see description below), with combiner boxes per module.

The output of each combiner box will be used as a subarray input in the module
controller. The combiner box is mounted at the array, and the subarray electrical
wires are run through conduit to the equipment shelter.

Drawing D-0032XX shows the basic array wiring schematic.

2.7.4 Subarray Combiner Box
The string combiner box serves four functions:
e Combines strings into a single subarray for input to the module controller
e Provides blocking diodes to prevent reverse current flow at night
e Provides surge protection for each string and the combined output
e Provides fusing and troubleshooting capabilities for array fault diagnosis

Drawing D-0032XX shows the basic schematic of a string combiner box.

2.8 Power Module Wiring

The primary wiring will be done via a DC bus enclosure. This will contain the
various solid state relays and current sensors, along with connected for existing and
expanded components (PV subarrays, battery chargers, inverters and battery
strings).

2.8.1 DC Ampacities

PV String Current 53 A
PV Subarray Current 27 A
PV Array w/ Expansion (4 subarray) 108 A
Inverter (40 kW @ 1.75 VDC) 201 A
Inverter Surge (2X) 402 A

Battery Charger (40 kW @ 2.0 VDC) 175 A
Max Battery Charge (PV + Charger) 283 A
Max Battery Discharge (2 x inverter) 402 A
Discharge Surge (2 x inverter surge) 804 A
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2.8.2 Wire Sizes

All wiring will be sized based on the NEC, with consideration to minimize voltage
drop on long runs. We will use either standard American or Metric gauge wires,
based on the availability of materials in Iquitos.

2.8.3 DC Bus Enclosure

The DC bus enclosure will be approximately 60 cm (W) x 60 cm (H) x 200 cm (D).
The enclosure will be sealed to NEMA4 protection. It will be located in the main
equipment container.

The enclosure will contain:
e DC wiring bus
e Terminal blocks for connection of PV subarrays, inverters, battery charger
e Terminal blocks for connection to the battery bus enclosure
e Subarray fuses
e Array disconnect relays
e (Current monitoring sensors
e Module Controller

Drawing XXX shows the basic schematic of the DC bus enclosure.

2.8.3.1 Array Disconnect Relays

Array control will be provided via series disconnect relays in the positive leg of each
of the subarrays. These relays will be DC rated solid state switches rated to the full
power and voltage of the subarrays (approximately 50 amps at 300 VDC). The
relays will be mounted on aluminum heat sinks to provide power dissipation.

The relays will be controlled by the module controller.

2.8.3.2 Sub-Array Fuses

Array overcurrent protection will be provided via slow blow DC string fuses in the
positive leg of each of the subarrays. These relays will be DC rated solid state
switches rated to the full current and voltage of the subarrays (approximately 50
amps at 300 VDC).

2.8.3.3 Inverter Connections

Terminals will be provided for connection of two inverters. DC fuses will be located
in the inverters themselves.
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2.8.3.4 Battery Charger Connections

Terminals will be provided for connection of two battery chargers. DC fuses will be
located in the battery chargers themselves.

2.8.4 Battery Bus Enclosure

The battery bus enclosure will be approximately 60 cm (W) x 60 cm (H) x 200 cm
(D). The enclosure will be sealed to NEMA4 protection. One battery bus enclosure
will be located in each of the battery containers.

The enclosure will contain:
e DC wiring bus and terminal blocks for combining three battery strings
e Battery String Fuses
e Battery isolation relays
e Current monitoring sensors for each string
e Battery monitoring controller

Drawing XXX shows the basic schematic of the battery bus enclosure.

2.8.4.1 Battery Isolation Relays

Battery isolation will be provided via series disconnect relays in the positive leg of
each of the battery strings. These relays will be DC rated solid state switches rated
to the full power and voltage of the battery strings (approximately 400 amps at 300
VDC). The relays will be mounted on aluminum heat sinks to provide power
dissipation.

The relays will be controlled by the battery string controller to provide string
1solation for advanced equalization of the batteries.

2.8.4.2 Battery Fuses

Array overcurrent protection will be provided via slow blow DC string fuses in the
positive leg of each of the subarrays. These relays will be DC rated solid state
switches rated to the full current and voltage of the battery. Each battery fuse will
be rated for full module power, so the system can continue full operation with only
one string. We are still determining the exact type and size of the battery fuse to
meet system requirements.

The battery fuses will also serve to isolate the batteries for maintenance purposes.

2.8.4.3 Battery Current Sensing

Non-contact Hall-effect DC current sensors will be provided for each of the three
battery strings. These sensors will be connected to the battery string controller,
which will also monitor string voltage and shelter ambient temperature.
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2.9 Equipment Shelters

The equipment will be housed in modified ISO shipping containers. The containers
will be modified, sandblasted, then treated with a ZRC corrosion resistant paint,
and then a topcoat of hard enamel.

Each module will have a single battery shelter, so Indiana will have four battery
shelters and Padre Cocha will have two battery shelters.

Each village system will have a single electronics equipment shelter, which will
house the module electronics (inverter, battery charger, module controls) for up to
six modules and system controls (supervisory controller, generator interface and
grid interface).

Each of the equipment shelters and battery shelters will be fitted with a smoke
detector. This detector will be monitored by the appropriate controller, and will
shut down system operation and set off an alarm if activated.

2.9.1 Battery Shelter

The batteries will be mounted on three rows of shelves along both sides of the ISO
container. Each shelf will hold 60 cells, so the total capacity of the shelter is 360
cells, or three strings.

The battery shelter will include an AC powered fan.

The interface will be through a DC bus junction box mounted on the end wall of the
shelter. The DC bus cables will run through a conduit to the electronics shelter.

The AC (for the fan) and control cable will run through a separate conduit.
The layout is shown in Drawing DOOXXXX.

2.9.2 FElectronics Shelter

The electronics will be mounted in a separate shelter. The layout is shown in
Drawing DOOXXXX. The basic components for an individual RAPS module
(Inverter, battery charger and controller/DC bus enclosure) will be clustered
together, with space for three modules along each wall.
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3 Supervisory Controls / System Wiring

3.1 Supervisory Controller

The Supervisory Controller provides overall system control coordination, as well as
data collection and single point remote access to the system.

Orion Energy Corporation will provide the Supervisory Controller with the
following specifications:

e Embedded Controller -- tbd

e Memory -- 16MB

e Disk Storage -- 40 MB + floppy diskette
e Display — Flat Panel VGA (touchscreen?)
e Keypad — 16 position + mousepad

e Modem — 2.4 kBaud

e Software — ControLynx II

3.2 Data Acquisition System

The built-in data acquisition system will monitor and record the following data at
15 minute intervals:

e Battery String Voltage

e Battery String Current

e Battery Bus Voltage

e Battery Charger Current
e Inverter DC Current

e Inverter AC Power

e Subarray DC Current

e Ambient Temperature

e Net System Power

3.3 Remote Monitoring/Control System

The remote monitoring system will consist of an INMARSAT MINI-M satellite
terminal, which is connected to the supervisory controller. An external host
computer will poll the system once per day and download accumulated data.

The system will also allow real time control over system setpoints and operating
modes, as well as real time system monitoring.
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3.4 Generator Interface Distribution Panel

This is the interface between the generator and the battery chargers.
Main Circuit Breaker: 220/380, 3 phase, XX amps

Branch Circuit Breakers: 6 x 220/380, 3 phase, xx amps

3.5 Inverter/ Grid Interface Panel

This is the interface between the generator and the battery chargers.
Main Circuit Breaker: 220/380, 3 phase, XX amps

Branch Circuit Breakers: 6 x 220/380, 3 phase, xx amps

3.6 Inverter Bypass Switch

This is a manual bypass switch used to disconnect the inverters from the grid and
connect the inverter directly to the grid.

Dual Circuit Breakers: 220/380 3 phase XXX amps, with lockout controls.

Note — Generator should never be connected to the grid at the same time as the
inverters.

Note — This is a manual transfer switch and will involve an interruption in service.

3.7 Generator Start Controller

Each system will contain one generator start controller. This controller will
perform the following functions:

Automatically start the generator and stop the generator based on a signal
from the supervisory controller

Monitor the AC voltage of each of the three generator phases

Monitor the fault system of the internal generator control system, and
provide for shutdown if a fault is detected.

Log the number of operating hours of the generator

Monitor fuel consumption via a pulse type fuel meter.

The Generator start controller will consist of an NGC2010A controller with
appropriate sensors. It will be connected to the supervisory controller via an RS485
data communications link.
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4 System Level Design Issues
4.1 Street Lighting

4.1.1 Background

Streetlights are a significant public use of energy, and offer significant
opportunities for cost savings.

At present in Indiana, the 515 streetlights are on whenever the generator is on,
typically five hours per night. The streetlights are 80 watt Mercury vapor lamps,
which provide approximately 2,000 lumens per bulb.

According to our calculations, these bulbs use over 200 kWh of electricity per night,
which is approximately half of the total energy usage. If they were left on
continuously with the 24 hour power available from a RAPS system, they would use
988 kWh per day, which is more than one and a half times the rated output of the
entire system.

The plan for Padre Cocha is more manageable, with only 70 street lights, but
streetlights are still a serious drain on the system economy and operation.

Obviously, something needs to be done. The two primary options are:
e Convert to more efficient bulbs
e Reduce the number of hours of operation

The following sections describe the options and recommendations.

4.1.2 Energy Management Options/Recommendations

Although the most obvious option is to limit the number of hours, it is easier to
discuss energy efficiency first.

The Indiana electrification study recommends replacing the 80 MV lamps with 70W
HPS (High Pressure Sodium) lamps. These offer very good color definition, yet are
efficient. However, to get the equivalent light (lumens) from high pressure sodium,
you only need to use a 35W lamp, so we recommend replacing all lamps in Indiana
with 35W HPS lamps, and installing 35W lamps in Padre Cocha instead of the 70W
lamps called out in the electrification plan. This represents a 50% reduction over
the plan (70W HPS), and 56% reduction over existing technology (MV), with no
reduction in available light sources.

Next, we recommend using a timer on the streetlight circuits to limit the
streetlights to only five hours per night of operation. Even in the “winter” it is still
light enough to see at 6:30, and even 7 pm. In the “summer,” there is probably an
extra half hour of light. Since all of the streetlights are on a separate circuit, we
recommend installing a timer to limit operation to five hours per night (6:30 to
11:30 p.m.). This would reduce streetlight energy consumption to 12 kWh per day
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in Padre Cocha, and 90 kWh per day in Indiana. We would also recommend a
serious “audit” of the streetlights in Indiana, and removal of bulbs in up to half of
the fixtures. At an estimated cost of $0.50 per kWh, they are currently spending
$100 per night on streetlights. The energy conservation and streetlight reduction
measures described above could reduce this expenditure by up to two thirds.

Since the streetlights are on a separate circuit, we will only need one timer for each
of the low voltage legs. If the community would like to have lights on all night, they
can either agree to pay for the electricity charges, or else install daylight sensors
(and proximity sensors?) on individual lights. These lights would then be connected
to the main three phase distribution, so they would be unaffected by the timer.

4.2 Customer Metering

Two of the most important issues in RAPS system operating are energy limits and
customer payments. To address these factors, Orion Energy is designing the next
generation utility meter.

This meter will provide energy limits on a daily basis, and will allow a pre-payment
system to be implemented. The meter is currently being designed for village
household and small commercial customers. We are looking at plans to extend the
meter design to larger customers.

We will issue a separate document with full design information and specifications.
The preliminary information is listed here:

e Meter includes a single phase energy monitoring circuit, which produces one
pulse for each watt-hour (Wh) consumed. (Note -- Typically daily household
use is 300-500 Wh per day). The pulses are counted by a simple
microprocessor, which is programmed to cut off supply when the daily energy
reaches a preset threshold. The meter would reset itself each day at a
selected time (typically 6 p.m.).

e The microprocessor will be programmed with a flexible metering system that
will allow selected use of energy in excess of the daily limit. For example, we
are considering a program which would allow the meter to be reset with a
simple front panel switch, which would allow the user to start using the “next

)

day’s” energy. This feature would be allowed for a few days per month.

e The meter also includes a circuit breaker to protect against faults or over-
power use. Anticipated circuit breaker size is 3-5 amps, which will provide
up to 1,000 watts of energy surge at 220 VAC. (Note average current draw
(assuming 500 Wh per day, is 0.1 amps.)

e The meter will include a “key” which stores the current payment plan. For
example, a user would buy 30 days (or 90 days) of basic service by taking the
“key” to a service center and paying in advance. Once this time is up, the
system will no longer operate. The key will be reusable, and can be
programmed to accept different levels of service contracts. (Note — the “key”
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is actually an EEPROM which is packaged as a standard “key” which can be
inserted into a socket on the meter to activate it.

e The meter will also include some sort of basic display which will display
information such as “amount of energy remaining during this day,” etc. We
are still working out the most appropriate way to display this information.

As part of this project, Orion Energy has committed to supplying household meters
for each of the households in Indiana (approximately 500) and Padre Cocha (approx.
250). The metering requirements for commercial and productive use systems are
less clearly defined.

The meter design will be “scalable” up to a large, single phase, productive use
application. Three phase customers will probably be best served with standard
metering and billing techniques.

4.3 Other Metering

Orion Energy will put a standard three-phase meter on the combined output of the
system. This will include a pulse-counter which will be monitored by the
supervisory controller.

Orion Energy will also place a three phase pulse meter on each diesel generator (or
monitor an existing device, if it exists).
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5 System Designs
5.1 RAPS-Indiana

5.1.1 System Configuration

The RAPS system for Indiana will consist of four RAPS-150 modules, and a total of
60 kW of PV array.

The system will be configured as four battery shelters plus one electronics shelter.
Total AC Output (inverter capacity) is 200 kVA steady state (400 kVA surge).

The system utilizes the existing 220 kW diesel generator and electric distribution
system.

5.1.2 Site Layout

The site is just east of the existing generator house along the main street of the
community. The site faces about 15 degrees west of due north.

The arrays will be set up as eight rows of modules, arranged in side-by-side groups
of four rows. The battery and electronics shelters will support three of the western
rows. The fourth western row and all four eastern rows will utilize a standard
ground mount. All modules will be tilted at 15 degrees towards the equator (north).

Drawing D003126 shows the layout of the array field.

5.1.3 Generator Interface

The existing generator has a three phase 120/ 208 output, which goes directly into
a high voltage (10 kV) transformer.

The RAPS system will convert the generator output to 220/380, which will cut the
current in half. This output line will be connected to the generator distribution
panel in the electronics shelter.

5.1.4 Grid Interface

The combined outputs of the inverter will be connected to the existing high voltage
transformer. This transformer has taps for both 208 and 380 power, so we will
simply utilize the 380V tap.

The bypass switch will be mounted in the existing generator building to keep wiring
to a minimum.
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5.2 RAPS-Padre Cocha

5.2.1 System Configuration

The RAPS system for Padre Cocha will consist of two RAPS-150 modules, and a
total of 30 kW of PV array.

The system will be configured as two battery shelters plus one electronics shelter.
Total AC Output (inverter capacity) is 100 kVA steady state (200 kVA surge).

The system utilizes the existing 100 kW diesel generator and electric distribution
system. (Note — this generator is new, but is being installed prior to RAPS system
installation.)

5.2.2 Site Layout

The site is just east of the new generator house on a hill in the north central part of
the community. The site faces about 15 degrees east of due north, and slopes
downwards towards the north.

The arrays will be set up as four rows of modules. The battery and electronics
shelters will support two of the rows. The third and fourth rows will utilize a
standard ground mount. All modules will be tilted at 15 degrees towards the
equator (north).

Drawing D003126 shows the layout of the array field.

5.2.3 Generator Interface

The RAPS system will use the generator output of 220/380. This output line will be
connected to the generator distribution panel in the electronics shelter.

5.2.4 Grid Interface

The combined outputs of the inverter will be connected to the new/existing high
voltage transformer. If this transformer multiple taps, so we will simply utilize the
380V tap.

The bypass switch will be mounted in the existing generator building to keep wiring
to a minimum.
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Drawing List - RESPAR Project

Size
D
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Number
003126
003125
003134
003124
003218
0032XX
003101

003122
003209
003218
003135
003136

Description

Site Layout - Indiana

Site Layout - Padre Cocha

Block Diagram - Indiana

Block Diagram - Padre Cocha

Array Structure Details

RAPS-150 Array Wiring

Intensive Battery Monitoring via Satellite
RAPS-150 Electronics Equipment Shelter Layout
RAPS-150 Battery Shelter Layout
RAPS-150 Schematic

RAPS-150 DC Bus Enclosure Schematic
RAPS-150 Batt Bus Enclosure Schematic
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