3.5. Aid with development of institutions for stable remote island microgrid operation
3.5.1 Guidelines for grid integration

If a power generation system connected in a distributed manner to the power transmission
and distribution system provides power to the grid side (reverse power flow), the failure of the
distributed power system as well as the amount and quality of the power generated by it affect
the grid and other customers supplied by the same grid will also be affected. Therefore,
regarding the installation and operation of distributed power sources, prescribed standards must
be met, and the owner must make efforts to ensure quality of the generated power for public

safety. For these reasons, guidelines for grid connection will be established.

3.5.1.1 Main requirements for grid integration guidelines

(1) Target facilities

Although details may differ due to voltage class and equipment configuration for the grid to
be interconnected to, maximum capacity per system, types of interconnecting equipment,
(inverter, synchronous/induction generators), the presence or absence of reverse power flow,

etc., the basic requirements are listed below.

(2) Voltage management

Voltage management: In the distribution system, the voltage of the power that customers
receive throughout the system must be maintained at a constant prescribed range (101 = 6V, 202
+ 20V in Japan). This is accomplished by adjusting the delivery voltage of the distribution
substation in accordance with the load condition. However, if a distributed power source with
reverse flow is connected to the distribution line, power flows in the direction of the substation
and causes voltage to rise from the middle of the distribution line which may result in deviation
from the prescribed voltage at the terminal point of the line. If there is such risk, automatic
voltage regulators such as "phase advanced reactive power control functions" and "output
control functions" is required. In addition, measures are required for instantaneous voltage

fluctuations and voltage flickering.

(3) Islanding detection

If there are no distributed power supplies, in the event of a fault, measures are taken so that
the distribution line is brought to a no-voltage state by opening a circuit breaker on the delivery
side of the distribution substation to prevent electrical fires and shock while responding to the
fault. However, if a distributed power supply is connected to the distribution line, there is a
possibility that the distributed power supply continues islanding operation during a fault on the
grid side, so a distribution line which should have no voltage becomes charged. To avoid this
situation, functions for power cut-off on the grid side, distributed power to detect islanding
operation on its own, and automatic parallel off from the grid are required. If there is a major
imbalance of power generation and load in a subsystem disconnected from the grid, islanding

detection can be performed by detecting overvoltage, undervoltage, and increase and decrease
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in frequency, but an additional islanding detection function is needed for cases where power

generation and load are for the most part equal.

(4) Power factor

In power systems, there is a need to manage active power as well as reactive power, but if
there is a large amount of reactive power (load power factor becomes poor), current increases
resulting in increased power loss. Also regarding distributed power equipment, just as load,
power factor at the network connection point must be kept above a certain level and must not

become a leading power factor as seen from the system side.

(5) Harmonics

If system voltage is distorted by harmonic waves, it may cause malfunction of equipment,
and in some cases, cause the power capacitor to burn. The AC-DC converter for the PV
generation equipment (Power Conversion System, PCS) is a power electronics equipment and is

prone to cause harmonic current. Provisions for current distortion are required.

(6) Protection coordination
A protection function which meets the demands for the following 4 requirements is required.

o For their own failures, in order prevent the spread of their impact to the grid, power
generation equipment should disconnect from the grid immediately.

e For grid failures, the equipment shall disconnect quickly and reliably to prevent
islanding operation.

e When automatic reclosing occurs during grid failures, power generation equipment
should absolutely disconnect from the grid.

o When faults other than those of the grid to which the equipment is interconnected to
and for momentary voltage drops on the grid side, the system should be designed so
that the power generation equipment can continue operating without disconnecting or

automatically recover.

3.5.1.2 Examples in other countries

(1) Japan

Japan's "grid interconnection guidelines" was prescribed in August 1986 as a directive of the
Agency for Natural Resources and Energy, Public Works Division Director, but in October 2004,
it was updated in the "Interpretation of Technical Standards for Electrical Equipment" and*“Grid
Connection Technical Requirement related to Power Quality Guideline”’and was publicly
released. Items to be complied with pertaining mainly to grid interconnection of distributed
power supplies taken from these two guidelines was compiled by Japan Electrotechnical
Standards and Codes Committee in the "Grid-interconnection
Code (JEAC9701-2012)." It starts with the definition of general principles and terminology, and

as equipment measures required for interconnection, it contains general matters, requirements
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for interconnecting to low-voltage distribution lines (600 V or less), high-voltage distribution
lines (600-7 kV), spot network distribution lines, extra high-voltage distribution lines (7 kV or
more) as well as prior consultation with the power company, materials required for the
consultation, etc.

Moreover, for protection equipment for residential PV systems with an output of less than 20
kW, the Japan Electrical Safety & Technical Laboratories certifies guidelines, electrical
equipment standards and interpretations, and technical standards of electrical appliances'. (See
Figure 3.5.1-1)

Figure 3.5.1-1 JET
(2) United States
The United States power sector is characterized by

e jurisdiction over the transmission and distribution systems differ

e avery large number of power utilities®.
Therefore, grid interconnection guidelines slightly vary by the organization with jurisdiction,
but many set their guidelines based on the Institute of Electric and Electronics Engineers (IEEE)
1547 Standard for Interconnecting Distributed Resources with Electric Power Systems
established on July 28, 2003. It stipulates the requirements pertaining to performance, operation,
testing, safety, and maintenance for grid interconnection, and it contains the following four

associated standards.

(a) 1547.1-2005, IEEE Standard Conformance Test Procedures for equipment

Interconnecting Distributed Resources with Electric Power Systems

(b) 1547.2-2008, IEEE Application Guide for IEEE Standard 1547, IEEE Standard for

Interconnecting Distributed Resources with Electric Power Systems

(c) 1547.3-2007, IEEE Guide for Monitoring, Information Exchange, and Control of
Distributed Resources Interconnected With Electric Power Systems

(d) 1547.4-2011: IEEE Guide for Design, Operation, and Integration of Distributed

Resource Island Systems with Electric Power Systems

The organizations with jurisdiction over the United States power sector set their grid
interconnection guidelines based on this IEEE 1547 series. The US also has the UL 1741

certification standard, which is similar to the Japan JET certification. In the United States,

! http://www.jet.or.jp/products/protection/

2 The main organization with jurisdiction of the power transmission system (crossing state borders) is the Federal
Government, and each state government has jurisdiction over its distribution system (not crossing state borders).

3 Combining private, regional municipal, federal, and cooperative operated organizations, there are 3,000 or more.
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inverters* that have been UL 1741 certified are normally allowed interconnection without any

detailed inspections.

(3) England

In United Kingdom, the Energy Networks Association (ENA), founded on October 1, 2003
by gas companies, transmission companies, and distribution companies, established
Engineering Recommendation (ER) which addresses the grid interconnection of distributed
power supplies.  This document has implications similar to technical standards and does not
have legally binding power, but it is used by distribution companies, etc. as requirements for
grid interconnection.

Below are three key technical recommendations related to grid interconnection.

(e) EREC G83/2%: For interconnection of Small Scale Embedded Generation (SSEG) to

low voltage grids (current rating of 16A or below)

() EREC G59/3% Power generation facilities (interconnection to grids of 20 kV lines or
less and output of 5 MW or less)

(g) EREC G75: Applies to systems of 5 MW or more
(4) Australia

In Australia, which has a great influence on Pacific island countries, has the following 3

standards related to grid interconnection.
(a) AS4777.1: Grid connection of energy systems via inverters — Installation requirements
(b) AS4777.2: Grid connection of energy systems via inverters — Inverter requirements

(c) AS 4777.3: Grid connection of energy systems via inverters — Grid protection

requirement

Also, in practice, the Clean Energy Council certified equipment, retailers, construction

companies related to PV are published on its website’.

3.5.1.3 Island countries
An overview of the status of grid interconnection guidelines in island countries similar to SY

with small populations and small grids.

(1) Maldives
Maldives has a land area of 298km?, a population of approximately 300,000, and a population

* If you enter QIKH for UL Category Code and search at
http://database.ul.com/cgi-bin/XY V/cgifind.new/LISEX T/ FRAME/index.html, a list of inverters that are UL1741 certified will
be displayed.

5 https://www.ofgem.gov.uk/sites/default/files/docs/2012/08/
er-g83-2-_v5--the-master-09-07-12-inc-ofgem-comments---clean-version_0.pdf

¢ http://www.amps.org.uk/static/assets/downloads/DraftG5931 170914updatev1280115trackchangev4.pdf?attach

http://www.solaraccreditation.com.au/
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density of 1,006.7/km?. Its GDP is 2.22 billion dollars with a per capita GDP of $6,567.
The "Guidelines on Technical Requirements for Photovoltaic Grid-connection”’was publicly

released in February 2013 stipulating grid interconnection specifications on the following items.

e Metering method

e Power factor

e Voltage fluctuation (normal, instantaneous)
o Safety relay

¢ I[slanding detection (static, dynamic)

e Automatic recovery function

e Automatic load limiting and output curtailment

In addition, the Maldives Energy Authority (MEA) released the "Manual for Photovoltaic

10 »:

Grid-connection Application *” ”in February 2013, which stipulates target systems and

procedures. The main items are shown below.

o Application process and flowchart for the deployment of grid-connected PV
e Application, review, inspection sheet

o Target: 1 phase 230V, 3 phase 400 V, 3 phase 11 kV

o Installation of a reverse power flow prevention relay is optional.

e OVR, UVR, OFR, UFR, anti-islanding (active/passive)

In addition, while the "POWER PURCHASE AGREEMENT!!’has been prepared for 3 phase
11 kV, but it is still in the final draft stage.

(2) Tonga

Tonga has a land area of 720km?, a population of approximately 105,000, and a population
density of 145.8/km?. It has a GNI 370 million dollars, a per capita GNI of $3,580, and a per
capita primary energy consumption of 567 kgoe.

"The POLICY FOR THE CONNECTION OF EMBEDDED GENERATION!*’was released
by Tonga Power Limited (TPL) in March 2013. Net metering using a bi-directional meter is in
place, and it shows the application process and flowchart for RE systems of 10 kW and under
and larger systems. Moreover, after referring to the following standards, it is seeking 50 Hz
+/-1.5% and 230 V +/-10%.

e AS/NZS 3000 Wiring Standards
e AS/NZS 5033 Installation of Photovoltaic (PV) Arrays

8 SY is 455 km?, has a population of 90,000, a population density of 197.6 km?, a GNI of 180 million dollars, per capita GNI PPP
(current international $) of $24,320, and a per capita primary energy consumption of 2,410 kgoe (2007) as of 2013.

° http://www.energy.gov.mv/v1/wp-content/files/lawsandregulations/

Guideline for Grid-connected PV_System - Feb 2013.pdf
http://www.energy.gov.mv/v1l/wp-content/files/downloads/
Manual for PV_Grid-connectin_Application - Feb 2013.pdf
http://www.mea.gov.mv/v1/wp-content/files/downloads/Draft_Standard Power Purchasing Agreement.pdf

12 http://www.tongapower.to/Portals/2/Docs/TPL%20Net%20Billing/ TPL%20Net-Billing%20Policy.pdf

10

11
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e [EEE 1547, Standards for Interconnecting distributed Resources with Electric Power
Systems

e ENS50160 in regards to power quality

e JEC 61000-6-2 (EMC Immunity) and -4 (EMC Emission)

e AS 4777.1 Grid connect — Installation

e AS/NZS 1768 Lightning Protection

e JEC 61730 PV modules

e Pricing methodology

(3) Solomon Islands

The Solomon Islands has a land area of 28,900km?, a population of approximately 550,000,
and a population density of 19.0/km?. It has a GDP of 1 billion dollars, a per capita GDP of
$1,130, and a per capita primary energy consumption of 130 kgoe.

The Solomon Islands Electricity Authority (SIEA) released the "Solar System Connection
Manual: Policies, Processes and Forms,"!* which contains the technical requirements for grid
interconnection. The main items are shown below.

e 1 phase 230 V<=10kVA, 3 phase 400 V <=30 kVA
e In general, batteries are not used.
e Refer to Australian Standards (AS)
e Inverters shall comply with AS4777 and be maintained in accordance with AS5033
- Products listed on the Australian Clean Energy Council website
- Designers and suppliers are listed on the Australian Clean Energy Council
website.
- SIEA application form sheet
e I[slanding detection
o Tripat210V, 255V (1 phase) 440V, 370 V (3 phase), 54 Hz, 46 Hz.

e Adjustment of metering

SIEA has also prepared a draft "Photovoltaic Inverter Network Connection Agreement, For
Connection to the SIEA Grid" (version 0.5, 10/20/2013). A Standby Charge is characteristic,

and it also clearly states that there is no compensation for reverse power flow.

(4) Malta

Malta has a land area of 316km?, a population of approximately 410,000, and a population
density of 1,297.5/km?. It has a GDP of 8.4 billion dollars, a per capita GDP of $19,740, and a
per capita primary energy consumption of 2,057.9 kgoe.

The Government of Malta is keen on expanding the use of photovoltaic energy, and it has a
clear guideline called "The Network Code!, Enemalta, Approved by the Malta Resources

Authority, Version 1, October 2013." It contains grid interconnection requirements for the

13 http://www.siea.com.sb/sites/default/files/Regulatory/SIEA Solar PV System Connection Manual.pdf
14 http://www.enemalta.com.mt/index.aspx?cat=2&art=5&art1=71
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following items.

e Protection and installation requirements
e Voltage control

e Short circuit capacity

e Voltage fluctuation

¢ [slanding and standby generators

e Metering

e Demand forecasting (if appropriate)

e Demand control

e Safety coordination

(5) Mauritius

Mauritius has a land area of 2,045km?, a population of approximately 1.3 million, and a
population density of 635.7/km?. It has a GNI of 10.3 billion dollars, a per capita GDP of $8,040,
and a per capita primary energy consumption of 947.3 kgoe.

There are many sugar mills in Mauritius, and biomass power generation using bagasse has
been connected to the grid for many years. The Central Energy Board (CEB) has released "CEB,
Grid Code for Small Scale Distributed Generation (SSDG), 9 Dec 2010," "Customer Guidelines
for Grid Connection of Small Scale Distributed Generators (SSDG) up to 50 kW, 9 Dec 2010,
CEB, SSDG Application Form," and "CEB, SSDG Connection Agreement.""> The guidelines

for small-scale distributed power supplies contains provisions on the following items.
o LV, <17 kW (1 phase, 3 phase), 50 kw> <17 kW (3 phase)
e Total limit is 2 MW or 200 sites, 1 MW limit for residential
e 230/400 V +/-6%, 50 Hz +/-1.5%
e Protection requirements
e I[slanding, reconnection
e Power quality, power factor

e Safety and metering

15 http://ceb.intnet.mu/grid_code/project.asp
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3.5.1.4 PUC's current technical requirements for grid integration

PUC's technical requirements for SSDG interconnection when applying for net metering are
shown in Table 3.4.1-1, and the application approval process flow is shown in Figure 3.4.1-2. In
addition, it uses the technical requirements of Mauritius as is.

There have been 217 applications to date concerning PV installation. 115 of the applications
were approved, but some have not been installed. Approval on installation is decided in

approximately one month.

Table 3.5.1-1 PUC's current technical requirements for grid integration

Parameters PUC Requirement
1 | Inverter Type Central Inverter Or Micro
Inverter
2 | Capacity of Inverter To be specified by Applicant
3 | Protection Parameters Settings Trip Clearance
Setting Time
3a | Over Voltage' (230 + 10%) 253V 0.2s
3b | Over Voltage (230V + 6%) 243.8V 1.5s
3¢ | Under Voltage (230 - 6%) 216.2V 1.5s
3d | Over Frequency? (50Hz + 1%) 51Hz 0.5s
3e | Under Frequency (50Hz — 1.5%) 49.25Hz 0.5s
3f | Loss of Mains (df/dt — Vector Shift) 2.5H2s 0.5s
10 degrees
4 | Islanding Detection Yes
5 | Isolated Generation possible Optional
6 | Reconnection time 3 minutes
7 | Max. DC Current injection to grid To be specified by Applicant
8 | Rated AC output current per phase To be specified by Applicant
9 | Total Harmonics Distortion (Voltage) To be specified by Applicant
10 | Total Harmonics Distortion (Current) To be specified by Applicant
11| Surge Withstand Capability To be specified by Applicant
12 | Power Factor (Leading and Lagging) 0.95
Will 1% Switch after meter have visible
13 Yes
contacts?
Will 1% Switch after meter have lock
4, . Yes
facilities in OPEN Position?
15| Will Production Meter be installed? Yes
16 | Will Earthing System be TNCS? Yes
17| Will Batteries be installed? Optional

If the SSDG can generate higher voltage than the trip setting, this (step 2

over voltage) is required.

The trip setting for over frequency is set lower than the maximum operation
operating frequency of 50Hz + 1.5% in order to avoid contribution of the
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SSDG to rising frequency.

® Customers of 10 kW or below are permitted installations
of up to 100% of their load, and other customers are
permitted installations of up to 50% of their load. This
percentage is a ratio of kWh, and on the premise that 1
kW of PV can generate 1,400 kWh per year, the
installation capacity is calculated by comparing with the
customer's annual electricity consumption.

® Next, the impact of reverse power flow and abnormal
voltage are considered for the feeders to be installed. Hand
calculations or simulators such as Power World and Power
Factory are used.

Figure 3.5.1-2 Net metering approval process flow
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3.5.1.5 Energynautics' guidelines for grid integration

The main technical requirements of the grid code provided by Energynautics is shown in

Table 3.5.1-2.

Table 3.5.1-2 PUC's current technical requirements for grid integration

Parameters PUC Requirement
SGC5 Energy sources and Wind, PV, hydro, biomass, waste power generation
generator technology
SGCS8 System Voltage Level
Limit 230V, 400V, 11kV, 33kV, +/-10%[EN50160]
SGCI13 | System Voltage
8 times the rated current of the generator for
SGCI11 | Short Circuit Power — Sk | synchronous generators, 6 times for induction
generators, and 100% for inverters.
SGC12 Frequency Rating and 50Hz -5% +3% (47.5—-51.5Hz) Will not
Limits disconnect under the following conditions. Will
endure changes of 2 Hz/sec.
* 47.0 Hz—-47.5 Hz: for 20 seconds
3GCIS Maximum Frequency * 47.5Hz—-49.0 Hz: for 90 minutes
Gradient * 49.0 Hz—51.0 Hz: unlimited
* 51.0Hz-51.5Hz: for 90 minutes
* 51.5Hz—-52.0 Hz: for 15 minutes
Steady-state
SGC14 active./r.eactive power
capability chart 0.85 for synchronous generators and 0.9 for
(PQ-chart) inverters.
SGC24 Power factor control
mode
SGCI5 | Flicker Plt=<05
SGC16 | Harmonics Compliance with [IEC61000] [VDE-AR-N4105]
5 kW or below for single-phase, 5 kW or below 3
SGC17 | Phase symmetry phase phase difference [VDE-AR-N4105]
Reconnection after When voltage and frequency are maintained for 15
SGC19 . minutes or more at rated values [VDE-AR-N4105]
tripping
SGC20 Start-up and shut down | For generators capable of controlling active power,
ramp rates start and stop will be performed at 10%/min. For
3GC21 Active power limitation | generators of 100 kW or more, output can be
control mode controlled as ordered by PUC. In addition, output
Active power gradient increase rate control can be performed within 10
SGC22 seconds.
control mode
For generators where output can be controlled,
active power can be suppressed at a frequency of
Limited frequency 50.2 Hz or more and disconnection will occur at
sensitive mode — 52.0 Hz. For generators where output cannot be
SGC23 : . .
overfrequency controlled, disconnection will occur at random at
[LFSM-O] frequencies between 50.2 Hz and 52.0 Hz.
[ENTSO-E NC RfG] [VDE-AR-N4105]
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For systems of 10 kW or more, regulated in line with

SGC25 | Fault ride-through [BDEW]
For asynchronous generators of 100 KW or more,
reactive power can be supplied when an
instantaneous voltage drop occurs.

3GC26 Network support during VA

voltage dips

voltage support 021 votage  deviation
(overexcited operation) AVinpu.

SGC27

Description of system
protection

Protection requirements are as shown in the table
below. For generators of 10 KW or less, disconnect
atU<and U>. [BDEW]

Protection | Nam . Disconnection
. Limait .
against e Time

Under voltage | U< | 0.8 p.u. 1.5...2.4 s*
Over voltage U> | I.1pu. 1 min
(1)
Over voltage |U>> 1.15 100 ms
2) p.u.
Under f< | 47.0Hz 100 ms
frequency
Overfrequency | > | 52.0 Hz 100 ms

If protection and control requirements conflict,
operation shall take place in the following order of
priority.

SGC28 | Priority Order 1. Protection of the grid and generators 2.
Frequency control (LFSM-O)
3. Active power suppression mode 4. Change
rate suppression mode
Generators of 100 kW or more shall be equipped
SGC29 ) L g e
with communications capabilities for monitoring and
SGC30
control.
3GC32 For generators of 100 kW or more, a DigSILENT
simulation model shall be submitted.
SGC37 A power reception meter (kWh, kVA) and a power

sales meter (kWh) shall be installed.
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3.5.1.6 Draft guidelines for grid integration
A draft of the grid integration guidelines compiled after discussion and study with the SEC
and PUC is shown below.

Version 0.01
19 March, 2016

Grid Code for Seychelles

1. Purpose of the Grid Code

The following interconnection standards are intended to provide general technical
guidelines and procedures to facilitate the interconnection and parallel operation of
distributed generating facilities of capacity less than 100kW with Public Ultilities
Corporation’s (PUC) electrical distribution system. These technical interconnection
requirements have been established to maintain safety, reliability, and power quality

standards for all utility customers and personnel under the objectives described below:

The criteria and requirements in this document are applicable to the following
distributed resource technologies, interconnected to PUCs at typical secondary
distribution voltages.

® Photovoltaic (PV)

® Wind turbine (WT)

This standard does not prescribe generating facility self-protection or all operating

requirements for generating facility units.

2. Interconnection Requirements
2.1  Interconnection Facility Characteristics
The generating facility is connected to the PUC’s Low Voltage distribution line.
® 400V 3¢
® 230V lo

2.2 Interconnection Facility Design Parameters
The generating facility shall have the following design parameters. The generating
facility has to functions and protects itself within the following range of the voltages,

currents and frequencies existing in the PUC grid.
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Table 1: Normal operating parameters of the PUC grid

Description Range
Statutory Voltage range 400V +/-10% 3!
(LV) 230V +/-10% 1
Normal Frequency 50Hz
Operating frequency range 50Hz+1.5%

2.3 Protection Requirements
2.3.1 Awvailability of Protection

The generating facility shall, at a minimum, provide adequate protective devices,
which include over/under voltage trip, over/under frequency trip, reverse power relay
(for non-export generating facilities), and a means for automatically disconnecting the
generating facility from PUC distribution system whenever a protective device initiates
a trip. Based upon the results of the Initial Technical Review and/or Supplemental
Review by PUC, additional protective devices may be required.

As for photovoltaic generating systems, inverters with certificate such as UL1741,

may be appropriate.

Applicable circuit breakers or interrupting devices at the generating facility must be
capable of interrupting the maximum available fault current at the site, including any
contribution from the generating facility. For generating facilities, the interrupting

device must be accessible to PUC personnel at all times.

2.3.2  Loss of Protection

Failure of the generating facility interconnection protection equipment, including loss
of control power, shall result in the automatic disconnection of the generating facility
from PUC distribution system until such time that the interconnection protection
equipment has been restored. Such failure shall initiate a signal to trip a generating

facility circuit breaker or shutdown an inverter.

2.3.3  Prohibition of Reverse Power Flow
PUC may not allow to flow back reverse power from generation facility to PUC grid.

For such a system, Reverse Power Flow Relay (32R) shall be equipped.

2.3.4  Trip Settings
2.3.4.1 Instantaneous Voltage Regulation
The generating facility shall be equipped with protective equipment designed to

automatically disconnect the generating facility from PUC distribution system for
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voltages outside the normal operating range within the clearing time as indicated in
Table 2 below, and remain disconnected until the voltage and frequency have stabilized
(see Section 4). The protective equipment shall measure the RMS (root-mean-square)

voltage at the Point of Interconnection.

Table 2: Interconnection system response to abnormal voltage

Protection Clearin,

against Voltage Time (s)g
Under voltage 230V -6% 216.2V 1.5
Over voltage 1 230V +6% 243.8V 1.5
Over voltage 2 230V +10% 253V 0.2

2.3.4.2 Fault ride-through
Generators above 10 kW nominal power must not disconnect from the grid due to
voltage drops above the blue line in the following figure, representing the smallest

line-to-line voltage at the generator terminals. (Refer to Figure 1.)
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Figure 1: Fault ride-through

2.3.4.3 Frequency

When the system frequency is in a range given in Table 3, the generating facility
shall cease to energize PUC grid within the clearing time as indicated. Clearing time is
the time between the start of the abnormal condition and the generating facility ceasing
to energize PUC grid.

Table 3: Interconnection system response to abnormal frequencies

Protection against Frequency range E[:ilzfen?s%
Under frequency 50Hz -1.5% 50,75Hz 1.5
Over frequency 50Hz +1.5% 49.25Hz L.5
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2.3.44 Maximum Frequency Gradient
Generators shall withstand frequency gradients of up to 2.0 Hz per second in either

direction without tripping as long as the steady state frequency limits are not exceeded.

2.4 Unintentional Islanding
2.4.1 Detection of Unintentional Islanding

For an unintentional island in which the generating facility energizes a portion of
PUC grid, the generating facility interconnection system shall detect the island and
cease to energize the PUC grid within two seconds of the formation of an island.

Both active and passive islanding detection mechanism are recommended to be

equipped.

2.42 Re-connection and Synchronization

The generating facility shall be equipped with automatic means to prevent
reconnection of the generating facility with PUC distribution system until PUC service
voltage and frequency are within PUC tariff normal operating ranges and stable for at
least 3 minutes, unless earlier directed by PUC.

Upon connection, the generating facility shall synchronize with PUC distribution
system. Synchronization means that at the Point of Interconnection, the frequency
difference shall be less than 0.2 Hz from rated frequency, the voltage difference shall be
less than 5% of nominal voltage, and the phase angle difference shall be less than 10

degrees.

2.4.3 Grounding Requirements

The electrical installation of all consumers connected at low voltage shall be
protected by a TN-C-S System (unless otherwise advised). Consumers are not permitted
to combine the neutral and protective functions in a single conductor in the consumer’s
installation (e.g. TN-C). The neutral conductor is earthed at the LV winding of MV to
LV transformers. Multiple earthing of the neutral conductor is permitted.

The grounding scheme of the generating facility interconnection shall not cause over
voltages that exceed the rating of the equipment connected to the PUC grid and shall
not disrupt the coordination of the ground fault protection on the PUC grid.

2.4.4 Surge Withstand Capability
The interconnection system shall have a surge withstand capability, both oscillatory
and fast transient, in accordance with IEC 62305-3, the test levels of 1.5 kV. The design

of control systems shall meet or exceed the surge withstand capability requirements of
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IEEE C37.90.

2.4.5 Short circuit capacity

The short circuit rating of the generator system owner’s equipment at the connection
point shall not be less than the design fault level of the distribution system as indicated
by PUC. 6 -8 kA for low voltage

3. Power Quality
3.1 Power Factor
The generating facility shall not adversely impact the power factor at the Point of

Interconnection. Generating facilities shall operate at a power factor minimum 0.9

(lagging).

3.2 DC Injection
The generating facility and its interconnection system shall not inject dc current

greater than 0.3% of the full rated output current at the point of interconnection.

3.3 Flicker
The generating facility shall not create objectionable flicker for other customers on
PUC grid.

3.4 Harmonics

When the generating facility is serving balanced linear loads, harmonic current
injection into PUC grid at the point of common coupling (PCC) shall not exceed the
limits stated below in Table 4. The harmonic current injections shall be exclusive of any
harmonic currents due to harmonic voltage distortion present in PUC grid without the

generating facility connected.

Table 4: Maximum harmonic current distortion in percent of current

Individual harmonic order 3.0
Total harmonic distortion (THD) 3.0

4. Safety Aspects
4.1  Safety, Isolation and Switching
The generating facility shall not energize PUC when PUC is de-energized.
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4.2  Isolation Device

The generating facility shall have a manual isolation device that has a visible break to
isolate their generating facility from PUC distribution system. The isolation device shall
either be a disconnect switch or a breaker with rack-out capability. The device must be
accessible/visible to PUC personnel and be capable of being locked by utility personnel
in the open position. For generating facilities that do not have a circuit breaker or

interrupting device, the isolation device must be capable of interrupting load.

4.3  Disconnection of Generating Facility for PUC Reasons and Safety

Upon providing prior notice, PUC may require the generating facility to temporarily
disconnect from PUC’s system when necessary for PUC to construct, install, maintain,
repair, replace, remove, investigate, test, or inspect any of its equipment or other PUC
customer’s equipment, or any part of its system. The generating facility shall not
energize a de-energized PUC line under any circumstances, but may operate isolated

from PUC system with an open tie point.

PUC may disconnect the generating facility from PUC’s system, without prior notice
to the customer: (a) to eliminate conditions that constitute a potential hazard to PUC’s
personnel or the general public; (b) if pre-emergency or emergency conditions exist on
PUC system; (¢) if a hazardous condition relating to the generating facility is observed
by PUC’s inspection; (d) if the generating facility interferes with PUC’s equipment or
equipment belonging to other utility customers (including non-PUC generating
equipment); or (e) if the customer or a party with whom the customer has contracted for
ownership and/or operation of the generating facility has tampered with any protective
device. The generating facility shall remain disconnected until such time as PUC is
satisfied that the endangering condition(s) has been corrected, and the utility shall not

be obligated to allow parallel operation of the generating facility during such period.

5. Commissioning

The generator system owner shall provide the required conformance proofs to PUC
prior to commissioning. The date of commissioning shall be agreed upon between the
generator owner and PUC. The following steps shall be taken during commissioning:

® Visual inspection of the generator
Comparison of the generator setup with the submitted planning scheme
Comparison of the metering setup with the requirements
Function check of metering equipment
Function check of circuit breaker/main switch mechanism and control

Function check of operation at required power factor

Function check of communication equipment (if applicable)

187




6. Metering

Metering refers to the measurement of consumed and/or produced electrical energy
and/or power for accounting and billing purposes. Metering is necessary for all
consumers and producers. It is independent from any measurements taken for the
purposes of power system monitoring, supervision and control.

Meters for generator systems at customer installations shall be connected according
to the specified scheme by PUC (Refer to ANNEX 2-4):

7. ANNEX

7.1  ANNEX 1 — PV System Connection Application Procedure

7.2 ANNEX 2 — General arrangement solar PV feed into PUC grid

7.3 ANNEX 3 - Solar Photovoltaic (PV) Power Supply System

7.4 ANNEX 4 - Single line diagram of PV metering connection to grid with Cut Out

Grid integration guidelines provide general technical requirements. However, in Seychelles,

there are low-voltage distribution lines which already have the following problems, so they

must be examined individually on an exceptional basis.

Low-voltage distribution lines with issues are 4 in the southern part, 9-10 in the
northern part, and 7 in the central part.

One issue is voltage drop at the power distribution line terminal, which should be
addressed by the PUC prior to PV deployment. The inverter at the Anse Aux Pine Water
Pump (Ref: 740, Size: 100 k.v.a. 3 phase) frequently trips due to low voltage.

As shown in Figure 3.4.1-3, the daily load curve of a distribution line supplying
residences varies significantly from the profile of the entire system, and the load is
small outside of 18:00-23:00. Therefore, if a few kW of PV is added to this feeder,
reverse power flow would occur during the day causing high voltage, overloading, etc.
There are request for PV installation on Ex-Deltel Landbank (Size: 50 k.v.a 3 phase

Ref: 858), which has no demand, so it may cause a rise in voltage.
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Figure 3.5.1-3 Daily load curve of Brilliant line (December 12, 2007)

In order to minimize reverse power flow, the on-site consumption should be increased. One
technical means of achieving this is equipping the PV systems with batteries, but no battery
equipped PV systems have been installed. There was one applicant who proposed a relatively
large PV + battery system, assuming the battery is fully charged, a significant reverse power

flow could be expected, so the PUC rejected the application.
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3.5.2 Policies for promoting renewable energy

In order to advance the broader use of RE, the installation of RE power generation facilities
by the private sector is sought, and the Government must provide incentives for this. Below is a
summary of measures implemented around the world with a special focus on initiatives in island

countries.

3.5.2.1 Overview of various policies
The purpose of incentives from the perspective of energy cost, as shown in Figure 3.5.2-1, is
to mitigate the risk of cost increases due to fossil fuel by remodeling the energy infrastructure

through investment in RE in advance.'¢

Figure 3.5.2-1 Purpose of assistance from the viewpoint of energy costs

There are concerns about fossil fuels such as the increase in consumption in emerging
countries, increase in mining costs, decrease in quality, costs of CO, emissions, so at this rate, it
is difficult to stop the rising price trend in the long term. Therefore, although the initial cost may
be high, policies to upgrade and remodel the infrastructure are needed to lower energy costs in
the future.

Although there are many different promotion measures, but the two major methods are the
quota system and price base scheme as shown in Table 3.5.2-1. The quota system, as
represented by the Renewable Portfolio Standard (RPS) and bidding system, are implemented
comnibed with the investment support measures, such as Production Tax Credit (PTC), and
Investment Tax Credit (ITC), etc. The price base system 1is represented by FIT where
electricity is purchased at fixed prices and/or with a premium added to electric charges. In
reality, it can be implemented by combining several methods, but Table 3.5.2-1 is a simplified

diagram which categorizes the measures for easy understanding.

16 Keiichiro Sakurai, 2011, Introduction to Feed—in Tariff: Primer to Spread Renewable Energy
http://ksakurai.nwr.jp/R/slides/ WhyFIT/WhyFIT-v5.pdf
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Table 3.5.2-1 Incentives to disseminate and promote RE

In next section, incentives for operation are shown mainly.

3.5.2.2 Price Base Scheme
(1) Feed-in Tariff (FIT)

FIT fixes the purchasing price of power at the time of RE deployment for a set period (10-20
years) to ensure the recovery of private investment funds. Its principle is to purchase whole

generated powers (gross FIT).

Figure 3.5.2-2 FIT system

In general, in order to adjust the pace of deployment, purchase prices are lowered as the
amount deployed becomes large. In Figure 3.5.2-2, the price of Mr. B, who was late in
deploying, is lower than that of Mr. A. Since subsidy price reductions do not apply to Mr. A's
equipment, Mr. A is guaranteed to continue recovering his investment for the set period at the
original fixed price. In addition, in designing the FIT scheme, a variety of options are
incorporated by taking into consideration the circumstances unique to each country or region'’,

but they are omitted here.

17 Toby D. Couture, Karlynn Cory, Claire Kreycik and Emily Williams, 2010, A Policymaker’s Guide to Feed-in Tariff Policy
Design  http://www.nrel.gov/docs/tfyl0osti/ 44849.pdf
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(2) Net Metering (NEM)

NEM is electricity charge calculation method for those own distributed RE generation system.

In case of having surplus energy, which is the difference between consumed and generated

energy, surplus shall be carried over to next month or settled up at pre-determined price at the

end of month. If consumed energy is greater than generated one and no surplus energy, the

difference shall be charged to the consumer (Refer to Figure 3.5.2-3).

NEM is applied in 43 states and Washington DC in the United States. However, detail of the

scheme, such as metering and clearing method, varies among states. In principle, NEM is not

for power sales but for “local production for local consumption”, in which generated energy

from grid connected RE is setoff-ed with its own energy consumption at the site.

Figure 3.5.2-3 Net Metering (NEM) system

(2) Comparison between FIT and NEM

FIT and NEM have Pros and Cons as shown in Table 3.5.2-2.

Table 3.5.2-2 Comparison between FIT and NEM

Net Metering (NEM)

FIT

Can set off generated and consumer
energy
Stipulate setoff, if agreement or act

Stipulate selling energy at fixed price for
long period

Can evaluate investment recovery

Can sell surplus energy at fixed price

surplus energy
Longer payback period with lowering
price of electricity

Pros CXISLS Dissemination speed can be controlled
More simple .
Can hedge risk on soaring electricity by tariff.
. ® (Can accelerate dissemination of RE
price
Change rules drastically by Clearing ® Need contract
method of surplus energy ® More complex
Cons Generally, not very profitable for ® NEM is attractive, if electricity tariff is

higher than FIT price
Cannot hedge risks on soaring electricity
price
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Since risk of gross FIT is smaller for RE installers, FIT was suitable to disseminate high cost
technology suas as PV some years ago. In fact, FIT has had good achievements at the initial
stage of RE promotion in developed countries. However, FIT can disseminate RE more than
expectations, depending on its scheme design. In Germany and Spain FIT scheme has been
re-examined, and also in Japan, applications of FIT have been refused in Kyushu and Okinawa,
because of excess and rapid RE installation for allowable amount of flactuating power source in
the grid (Refer to Section 3.5.2-3).

Although FIT can accelarate RE dissemination in eariler stage, it leans to be high cost and
ineffective in comparison with other incentives, to have susutainale and stable dissemination,
especially in developed countries. In general, FIT cannot cope fine with changes in the market
and even if it could, as watched in Germany, France and Spain, sudden and dramatic change of

FIT price invites confusion in the market.

Better incentive for RE promotion is to provide adequate support for PV
installation/operation with lower cost for sustainability. That is, NEM can be better incentives
rather than FIT in some cases. However, NEM has issues too. In conventional NEM, 1kWh of
generated energy is regarded to have same value as 1kWh of grid energy, but utilities in

California propose to lower price for surplus energy or to charge for grid access to NEM.

Anyhow, to encourage cost down in RE installation, it is important to have re-exaination of
purcahsed cots of RE energy in stages and not to have rapid steep price drop of RE purchasing,

which affects installer’s investment recovery plan.

3.5.2.3 FIT case studies and trends in other countries

Japan began the FIT scheme in July 2012. The initial procurement conditions were 42 yen
(4.43, SCR and 0.34 USD)/kWh for PV without capacity limitations. The procurement price
was higher than expected causing many players to enter the market, and some constructed mega
solar systems and sold the m in 50 kW' lots resulting in a bubble-like phenomenon.
Therefore, from April 2014, the price was lowered to 38 yen (4.01 SCR, 0.31 USD)/kWh, and
lot resale was prohibited, but in March 2014, just before this revision became effective,
applications for 27,000 MW of PV installations were submitted. At any rate, since the revision
itself was too late, four power companies including Kyushu Electric Power Company set forth a
policy to refuse additional PV grid interconnections in May 2014. In addition, if PV output
becomes large enough to adversely affect the grid, they have the right to curtail PV output
without compensation, so mistakes in scheme design have had a major impact. The procurement

conditions as of January 2016 are as shown in Table 3.5.2-3".

13 PV systems of 50 kW or more, according to Electric Utility Industry Law, are considered private
electric facilities, which are electric facilities (power plants), and compliance with technical
standards, security of safety, management by a full-time senior electrical engineer, and other

obligations are imposed on them.
19" Agency for Natural Resources and Energy, 2013
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Table 3.5.2-3 Japan's FIT (2015)%°

http://www.enecho.meti.go.jp/saiene/data/kaitori/kaitori_jigyousha2013.pdf
20 http://www.meti.go.jp/english/press/2015/0319_01.html

194



An overview of the FIT scheme of various countries is shown in Table 3.5.2-4, and island

countries with small grids are shown in Table 3.5.2-5%!,

Table 3.5.2-4 Overview of FIT in countries that have already introduced it

Tariff level in 2014 [USD Cents/kWh] and duration of support for PV
Country Year Rates foi ;3‘3 PV Duration NOTE
Australian Capitol Territory 45.94 45.94 ?
*Primarily a form of net-metering. Not a
true feed-in tariff. The tariff is paid only
Australia on excess generation. Cap: 10,000
KA 40.03 40.03 systems, 18 kW single phase, 30 kW
three-phase. Only generation in excess
of consumption or "net".
Canada Ontario Small FIT 2013 25.73 - 35.38 35.38 20
China 2013 13.82 - 15.35 15.35 20
France 2013| 43.64-10.27| 43.64 -22.82 20
Germany 2013 19.63 - 12.63 18.26 20
Great Brtain 2013 24.65-10.94 24.65 25
India Kerara 2013| 23.56-19.63 23.56
Italy Conto Energia V 2013| 36.17 - 14.19 26.12 20
Japan 2012 38.22 - 37.26 38.22 10, 20
Malaysia 2011 36.16 - 24.99 36.16 21
Phillipines 2012 23.41 23.41 20
South Korea 2010| 71.14-4145 71.11 15
Spain 2012 35.33 - 16.37 35.33 25
Switzerland 2014 36.93 - 21.41 36.93 25
Thailand 2013| 31.41-14.50 22.42 25
California (PG&E)  |Summer | 2009) 18.00-6.00) 18.00-6.00 15 |+This program is not a true feed-in tariff
Winter 14.00-7.00{ 14.00-7.00 151 as it is alsmost impossible to project
California (SCE) Su_mmer 2009 31.00-6.00] 31.00-6.00 151 revenues from the "tariff". This kind of
Winter 10.00 - 6.00| 10.00 - 6.00 15 f it
USA S T e 00806 500500 e program is cglled by critics a FITINO, a
Califomia (SDG&E)  [ifter 11.00-7.00] 11.00-7.00 Te| o Hs i nen oy
Florida (Gainesville) 2013| 21.00-15.00 21.00 20
Oregon 2013| 39.00-18.10 39.00 15
Texas (San Antonio) 2010 27.00 27.00 20

Wind-works.org by Paul Gipe http://iwww.wind-works.org/cms/index.php?id=92

2! Wind-works.org by Paul Gipe  http://www.wind-works.org/cms/index.php?id=92
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Table 3.5.2-5 FIT in island countries

Tariff level in 2014 [USD Cents/kWh] and duration of support for PV

Pilot program beginning February, 2011
through 2012. Program cap: 1 MW; 70%
reserved for commercial customers.

H eI AN 39.07 39.07 20 Gross feed-in tariff: Payment of
$0.37/kWh offsets consumption at
$0.30/kWh.

Cook Islands 45.00 45.00 ?

Cyprus 2011] 50.60 - 45.21 45.21 20

Fiji 23.00 23.00 ?

Malta 2011[ 35.17-25.12 31.40 8

Maldives 2011 21.05 21.05

Mauritius 2012| 8292-49.75 gags | | HEnendecin MayiOft NetMatarhg
starts in 2015.

Rhode Island 2013 29.95- 24.95 29.95 15

Taiwan 2012 29.03-22.48 29.03

USA Hawaii 2011 27.40-18.90 27.40 20

Wind-works.org by Paul Gipe http://www.wind-works.org/cms/index.php?id=92

FIT prices for Fiji and Cook Islands are publicly available, but they are lower than electric
rates, but a clear presentation of the periods were not found.

In Mauritius, the FIT scheme for SSDG began in December 2010, and since the originally set
2 MW allotment has been used, it was announced that new applications will not be accepted on
May 6,2011. Furthermore, Net Metering was launched as a new scheme beginning in 2015.

In addition, in Palau, the Net Metering Law (RPPL No. 8-39), which applies to RE generators
installed by customers, was approved on January 6, 2012.?> The Palau Public Utility
Corporation purchases PV, hydro, wind power produced by the residential, commercial,
government, and industrial sectors at prices of 50% or more of electric rates.> However, the
period is only for 12 months.

On the other hand, review of the scheme has begun in Europe where FIT has been proactively
adopted. Specifically, (1) bidding method, (2) method where price reduction percentage is
changed according to the deployment amount, (3) method where the price is reduced annually
by a fixed percentage, etc. Revision history of German FIT is shown in Table 3.5.2-6 and ones

for PV FIT in Europe is shown in Figure 3.5.2-4.

Table 3.5.2-6 Revision History of German FIT**

Year Price Outline

Mechanism
2000-01 | Cinstabt rate 2000/4: 50.62 Euro Cent/kWh stipulated by RE act (20
years, constant rate, if no law amendment

Annual loweing rate in long term (Installaion on building:
-5%/y, ground installation: -6.5%/y from 2006)

100kW PV Installed on building

2004: 54,00 Euro Cent /kWh

2005: 51.30 Euro Cent /kWh

2006: 48.74 Euro Cent /kWh

2008: 46.30 Euro Cent /kWh

2009: 43.99 Euro Cent /kWh

Rate lowering
2002-08 | mechanism w/
constant rate

2 http://prdrsedall.spc.int/production/system/files/net_metering act - rppl 8-39 dat.pdf

2 http://energy.gov/savings/palau-net-metering

% PR AL X —T [FAEFRET 3L X —DZhHEA 78 AT OV C ) PR 27 4F 10 A 20 B (in Japanese)
http://www.meti.go.jp/committee/sougouenergy/kihonseisaku/saisei_kanou/pdf/003_01_00.pdf
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Annual loweing rate, based on PV installation in the previous
1 year (Assuming 2.5GW per year)

Total : 500MW

2% 2016: 400MW,

2017: 300MW

Annual Monthly Annual new | Monthly
new lowring installation | lowring
installation | rate rate
Rate lowering 7.5.GW~ | 2.8% 2.6~3.5GW | 1.0%
mechanism w/ 6.5  ~|25% 24~2.6GW | 0.5%
2009~ Elrtfll))fséztfm 15GW
RE penetration 5.5 ~ 122% 1.5~2.4GW | 0.25%
6.5GW
4.5 ~ | 1.8% 1.0~1.5GW | 0%
5.5GW
3.5 ~ | 1.4% ~1.0GW -0.5%
4.5GW
In the case of more installation than expected, rate shall be
lowered, but in less than expectation rate can be increased.
Price level shall be tendered by installers and be awarded in
order of low price. Tendering for PV was implemented from
2015 in Germany.
Year Due Date and Cap
2015~ ® 15/04/2015: 150MW
Pilot Tendering ®(01/08/2015: 150MW
Reform 2015 ®(01/13/2015: 200MW

Pay as bid for awarded project, but in August and December
2015, uniform pricing as trial

Figure 3.5.2-4 Revision History of PV FIT in Europe®

B ORET R X AT 3L ¥ —ORRA 2 ATV T TR 27410 4 20 B (in Japanese)
http://www.meti.go.jp/committee/sougouenergy/kihonseisaku/saisei_kanou/pdf/003_01_00.pdf

1
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On the other hand,in the United States, re-examination of NEM has been started®®. PV system
owner can decrease electricity charge by setoff PV generation and its consumption. As a result
utilities receive decreased income for O&M cost of distribution system, and then its burden to
non PV system owner is enlarged. That is, there exists unfairness between PV owner and
non-owner.

Utilitie Company in California proposed the following additional charge to distributed
generation system togerther with lowered NEM tariff to the regulator.

(1) Demand Charge: To be determined based on the maximum power demand, during a
specific period of time in the past

(2) Grid Access Charge: Usage charge of distribution system to be accessed on selling
energy from RE

(3) Standby Charge: Charge of reserving energy for cloudy day and night time when PV
does not generate power.

(4) Capacity Charge: Monthly charge for installed PV size

However, after the discussions, in 2015, maintaining current NEM rate(= electricity tariff

rate) is authorized again (NEMZ2.0).This is the opposite decision in Nevada and Hawaii.

3.5.2.4 FIT scheme proposed by Energy Nautics

(1) FIT price and period

For FIT contract periods of 15 and 20 years, and with and without PV Rebate, FIT price is
calculated under 10% of ROE, using Excel FIT model developed by Energy Nautics. This FIT
model is a reasonable tool to calculate the FIT price, but O%M cost shall be specified to have

more realistic result.

Table 3.5.2-7 FIT prices proposed by Energy Nautics (SCR/kWh)

Table 61: Proposed FIT Rates for Solar PV and Small Wind

Contract Length & Rebate Solar PV Solar PV Wind
Assumption 1-10kW 11-100kW 1-100kW
15-Year

(With Rebate) 2.9 .87 n/a
15-Vear 3.30 4.05 5.49
(Without Rebate) ’ ' ’
20-Year

(With Rebate) 2.33 352 n/a
20-Year 2.97 3.69 4.97

(Without Rebate)

26 qks v o uU—online KAMD [ b XA —% Y22 HUENLE~ (n Japanese)
http://techon.nikkeibp.co.jp/atcl/column/15/286991/010700011/
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If FIT is going to be implemented, Energynautics recommends setting the FIT period to 20

years while using the current net metering program along with it for five years (either can be

applied for) and discontinuing net metering thereafter.

(2) Impact on PUC

The impact on PUC is compared in the scenarios shown in Table 3.5.2-8.

Table 3.5.2-8 Scenarios to Analyze Incentives Impacts on PUC

Residential PV Commercial PV Commercial
Scenario (1-10 kW) (11-100kW) wind Total
(1-100kW)
+ 1,000 installations
Scenario A: Egl;hs;sfgns * 1,000 installations
Res;c)l\e}nhal eligible for PV None None * Total 5 MW
Rebate
* Total 5 MW
Scenario B: + 100 installations
Commercia * Each .SO.kW + 100 installations
1 None + All eligible for PV None . Total 5 MW
PV Rebate
+ Total 50 MW
.~ |* 150 installations + 75 installations
IS{Z:?(?;(;S'/ + Each 5 kW + Each 50 kW + 10 installations . .
Commercia |- All eligible for PV |+ All eligible for PV |+ Each 50 kW * 235 installations
1 Rebate Rebate « Total 0.5MW |+ Total 5 MW
PV + Total 0.75 MW + Total 3.75MW (10%)
(15%) (75%)

Table 3.5.2-9 shows the results of the impact analysis on PUC. Here, "No Policy" refers to

a scheme without reverse power flow and power is not sold.
Table 3.5.2-9 Analyzed Imact of incentives (million SCR)

Table 67: Summary of Policy Cost Scenarios to PUC (in Millions SR)

Policy Scenarios:

Deployment Scenarios:

Scenario A: Residential-

Scale Solar

Scenario B: Commercial-

Scale Solar

Scenario C: Residential &

Scenario 1: Scenario 2: Scenario 3:
Gross FIT Net Metering No Policy
$(0.4) 5(7.6) S(11.4)
$(6.2) $(14.7) $(14.7)
$(5.6) $(12.6) $(13.9)

Commercial Solar & Wind
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Based on such analysis, EnergyNautics recommends the following.
®  Gross FIT (scheme with the cheapest cost)
®  More commercial rather than residential PV where possible

® More PV than wind turbine where possible

Hiwever, there are the following three issues in Energy Nautics Report.

a) Add reduced fuel costs as a positive impact to PUC
Costs not expended are of course not recorded as a cost, but since it is cannot be
counted as income, it would also not appear on the Profit and Loss (PL)?’. We think
this is not appropriate from an accounting perspective.

b) Just one electricity tariff rate is used in impact calculation
Tariff has ssome rates, one for each consumption stage, and higher rate for larger
consumption. This is not appropriate in estimating precise impact.

c) Very lower electricity rate is used in impact analysis in Apendix F.
FIT price is set abnormally low, probably to show the benefits of FIT to PUC.
Therefore, there are no benefits to the installers to apply for FIT, so No Policy is
better.

(3) PPA model contract
This model contract applies to PV and wind power of 100 kW or more and biomass power
and run-of-the-river hydro of 10 kW - 5 MW and excludes distributed energy supplies of 5 MW
or more (IPP) and waste power generation. There are no penalty provisions. In addition, it
contains an additional remark stating that it should be prepared taking into account future power
sector reforms.
They have prepared a style for a model contract, but there are some undecided issues such as
those listed below, so it can hardly be said that this is a finalized document.
®  What shall be done about the power supply obligation? In many developing countries
a best-effort type is adopted.
® How will power purchasing obligation be specified?
® Changed Circumstances, Change-in-Law, or Contract Re-opener terms may need to be
considered.
®  Considering installation by foreign funds, Lender Rights provisions may also be
needed.
® [s a meter accuracy of £1% sufficient?
®  Terms for sale of the equipment to the supply side after the PPA contract expires must

be set.

27 However, this would somewhat improve the balance sheet.
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3.5.2.5 Supporting Scheme for PV promotion in Seychelles
(1) Current Supporting Scheme
Seycelles announced to launch NEM by press release of Ministry of Environment and Energy
on 13 January 2014. Although this NEM is surplaus energy purchasing scheme, has some
difference to NEMs in the United States and/or Japan, e.g. metering method, clearing procedure
and so on. There are two power meters in parallel to PUC grid, one for receiving power from
the grid and the other for reverse flow from PV to the grid. And in every month, meter readings
of these two meters are compeared, if received energy is greater than generated energy, the
diffrence shall be charged to the consumer, and otherwise, the difference energy shall be
purchased by PUC at the rate of 88% of the fuel marginal cost (0.92SCR/kWh as of June 2016)
And PUC limit the installed PV capacity as follows:
® Residential : [Annual Consumption/1400%*] kW at a maximum
® Commercial
v' Less than or equal to 10kW, [Annual Consumption /1400] kW at a maximum
v Greater than 10kW. [50% of Annual Consumption/1400] kW at a maximum
Because of this limitation, NEM does not pay for surplus power in almost all cases. Even so,

the payment is very small.

(2) Issues and Measures
Issues of the current NEM are shown below. Here, the readings of two power meters are
defined ad follows;
X = Monthly meter reading of recevrd energy power meter

Y = Monthly meter reading of generated PV energy power meter

a)  Operaional cost of NEM is not cleary identified.

» Now PUC sends a bill to customer for [electricity charge of (X — Y)] and
allocate it as revenue. But in this way, it is same as the case of pure decreased
consumption.

»  In very truth, PUC sells energy Y while purchases energy X. Then its revenue is
[electricity charge of X] just the same, and concurrently PUC pays for cost to
purchases energy Y.

»  Then, NEM operational cost is the residue subtracted [electricity charge of (X —
Y)] from [electricity charge of X]. This calculation is necessary, because traiff
structure consists of some stages (tariff bans), 5 in residential and 3 in
commercial®.

» If no PV installation with NEM, PUC gets some profit by selling power. Of

course, in that case, PUC have no NEM operational cost, but PUC bears costs

28 Assuming 16% of Capacity Facor, 1kW PV can generate 1400kWh annually.

29 Higher tariff rate is applied for larger stage. And The first two stages (300kWh/month) has very low rate based on
national minimum.
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including fuel. In other words, implementing NEM under governmental policy
means to rob PUC of business chance.
b) NEM operational cost is borne just only by PUC.
»  PUC has to purchase energy Y, but can save fuel cost at least since it does not
need to generate energy Y.
»  Whether NEM or FIT, the operational cost cannot be covered by decreased fuel
cost®, and then it is not rational for only PUC to bear the operational cost.
¢) Grid access and standby cost
»  As mentioned earlier, these costs are under discusiion in the United States.
From the view point of utilities, they are not avoidable cost.

»  Theay may be necessary to keep fairness between PV owner and non-owner.
Based on these issues and various constraints in Seychelles, comparison of NEM and FIT was
investigated. The rsult is shown in Table 3.5.2-10. Here, NEM operatinal cost is as shown in

above and one for FIT is total purchased value of generated energy.

Table 3.5.2-10 Comparison of NEM and FIT in Seychelles

Examlned Net Metering (NEM) FIT (gross FIT)
point
© Larger consumer with higher ® If averaged tariff rate is higher
averaged tariff rate has more than FIT rate, larger consumer
incentive. has less incentive.
1nsta11.e v ®  Smaller consumer has less © IfFIT rate is higher than
Incentive ; ; averaged tariff rate, smaller
incentive. . .
consumer has more incentive.
®  Just consumer can install PV. © Non-consumer can install PV.
© Improve PUC’s loss in small
PUC’s impact residential consumers who use ® Not improve PUC’s loss in
(Compariosn less than 300kWh with very low consumers shown left.
of Profit and tariff rate
Loss with no © Smaller cost than FIT in ' ©  Smaller cost than NEM in
PV case) consumers whose averaged tariff
. consumers except for left.
rate is lower than FIT rate.
® Borne by just only PUC ® Generally surcharge
Financial ® For sustainability, need to have firm financial source.
source of ® Need cost share among PUC, government and stakehokders. Hard to have
operational concensus formation.
ccr: st ® On estimating cost, keep in mind to have concensus on avoidable cost
and to acknowlede that reduced fuel cost does not improve PUC’s PL.
[

30 1h PUC’ s PL, it is true that cost for fuel can be small, but this does not mean PUC’ s income,
profit, gaining or surplus money. Ingeneral, in BS, PUC may have increased current asset or
decreased debt, but since fuel rate is revised very frequently, the imocat to BS should be stuied
more in detail.
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Grid access

Not now. Need investigation of

Need investigation on design of

and standb
Y these charges. FIT rate.
cost
.. . . Additi 1 tt i
Administrative No large increase, because of dditiona costto design,
formulate and implement new
cost present scheme.

scheme.

Minization of
reverse power

Comply with the constraints,

In general, direct larger capacity
to seek for more profit, and then

(Limit in because NEM encourgae onsite invite larger reverse power flow.
installed consumption. Smaller installer’s incentive, if
capacity) limit exists in installed capacity.
Distributed
installation Comply with the constraints, In general, direct larger capacity
from short because NEM encourgae smaller to seek for more profit, and then
period PV only for onsite consumption. less appropriate than NEM
constraints
Target of 5%
RE in 2020 Accomplishable with current NO neeq to accelerate PV
installation from now on, and
(1.2MW NEM .
- then FIT is unnecessary.
existing)
Hard to determine proper FIT rate
and lowring rate
. Need accountability to introduce
Risk on
. new scheme
changing None

current schme

If not persuasive enough, people
may think NEM is failed and then
undermine governmental
crdibility.

In principle, based on these analysis and study, it is necessary for Seychelle’s stakeholders to
formulate better scheme by themselves. Althogh it is very common not to have easy concensus
among regulator, utilitiy, consumer and invester, deeper studies and disussions for happy
compromise are desired.

Since the scheme is for long period, it is important to find out how circumstances and
environmenal conditions changes. In particular, long-term prospects vary very much based on
the estimated fluctuations of enegy growth rate, infration, discount rate, PV cost degradation
and fuel cost.

Energy Nautics recommends parallel use of NEM and FIT for 5 years. But it is had to justify
having two similar schemes in small country such a Seychelles. And this will need clear

explanation how to use them as the situation demands.

The followings are important points to investigate better scheme for Seychelles.
a)  On scheme dsign, take into account necessity of distributed small PV installation and
minimized reverse power flow, which come from issues in distribution system and
short period constraints.

b) NEM operational cost is smaller than FIT’s cost for consumers whose averaged tariff
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d)

2

rate is lower than FIT rate, under the current tariff system®'. Especially, in residential
consumers with less than 450kWh, NEM can metigate PUC’s loss. And then it may be
an good idea to focus these consumers as a target of incentives™,

The biggest issue is financial resource. In other countirs, surcharge, carbon tax for
fossil fuel and general governmental budget are used for it.

To have sustainability of scheme, it is necessary to discuss and determine how to share
scheme operational cost among government, utility, nation, ivesters. The cost should
never to be borne just only by PUC. This is very sensitive issue and we need not only
economical rationality but also social and political judgement.

It is recommended to consider grid access and standby charge with a positive attitude,
because of limited financial resource.

It is very important to re-examine the incentive scheme, based on the periodical
comparison between PV penetration and allowable amount.

To minimize necessary financial cost,it is strongly recommended for PUC to promote

in-house PV installations more aggressively.

31

These tagegets are small consumers and may be low income group and small shops. They may not have enough

money to invest PV, and then incentives such as PV Rebate can be focused to them.
32 E g., it may be possible to limit the insentive target to these small consumers. But then need more installation
sites to schieve national goal.
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3.6 Financial analysis of the remote island microgrid deployment plan

3.6.1 RE market trends

The 12 companies shown in Table 3.6.1-1 are the PV companies registered with SEC. The

number of companies is large relative to the market size making competition fierce. The two

large companies that handle various PV systems ranging from residential to commercial systems

are Vetiver Tech and Energy Solutions Seychelles. The standard prices for grid-connected PV

system prices on Mahe Island in the second half of 2015 are estimated at approximately 1.8-2.0

Euros/W. For Praslin and La Digue Island, prices depend on where the installing technicians are

located, but for Praslin Island installation costs are 5-15% higher than on Mahe Island, and an

additional 10% higher for the other surrounding remote islands. In addition, for the outer islands

managed by IDC, equipment must be transported using IDC's ferries, and technicians must use

IDC's flights and accommodations.

Table 3.6.1.1 A list of PV contractors in Seychelles
Company name Main products Remarks
PV panels Inverters
Vetiver Tech SolarWorld SMA (Germany) | Also does
(www.vetivertech.com) (Germany) electrical work
Energy Solutions Seychelles LG (Korea), JA | SMA (Germany)
(www.energysolutionsseychelles.sc) | Solar (China),
Yingli (China)
Pace Global SunPower SMA Specializes in
(www.paceafrique.com) (USA) (Germany), commercial
Fronius systems. Engaged
(Germany) in energy-saving
ESCO business.
LG (Korea), SMA (Germany) | Partnership with
Sun Tech Seychelles BenQ (Taiwan), Sea & Sun
(Www.sts.sc) Panasonic Technology
(Japan) (Germany).
ClimateCaring Made in China SMA Specializes in
(www.climatecaring.org) (Germany), stand-alone
Outback (USA) | systems for
remote islands.
Seysolar green energy Ltd. Made in Italy Power One Headquarters in
(www.seysolar.com) (ABB Group) Italy
Trend Energy
(www.trendenergy.com)

205




Dolphin Technology and Trading Exclusive

International Ltd. distributor of
Yingli products
(China)
Solar Energy Seychelles Solon SMA (Germany) | The business
(www.solarenergy.sc) (Germany), focuses on remote
Sharp (Japan) islands.
Sunny Systems Seychelles Ltd.
DEC Service Inc.
Island Roofing Pty Ltd. Company
(www.island-roofing.com) specialized in

roofing.

3.6.2 Effectiveness and problems of subsidies and low interest loans for PV deployment

Major measures being taken in Seychelles for promoting PV deployment are described below.
From a tax perspective, import duty exemption for PV equipment, and for businesses, an
accelerated depreciation scheme for PV investments are available.

(1) Net metering scheme

PUC has permitted the interconnection of customer PV systems to the grid since September
2013, and it has implemented the net metering system where power meters are installed to
measure the electricity sold to PUC by the customer, and this amount is subtracted from the
amount of power purchased from PUC. The customer is then billed for the amount due. There
are no limits on PV installation capacity for customers with residential contracts, but customers
with commercial and other contracts are limited to a capacity of 50% or less of the amount of
power they purchase from PUC. If the amount of power sold to PUC exceeds the power
purchased by the customer, PUC will purchase the difference (power sold - power purchased) at
a rate equivalent to 88% of fuel costs it would incur if it were to produce this amount of power.
With the implementation of net metering, the deployment of grid-connected PV systems has
grown mainly among customers with high electric rates. However, PUC's strict review for grid
interconnection, and for commercial customers, for PUC operational reasons (prevent large
losses of income from electric rates), uniform limitation of PV installation capacity to 50% of
electricity demand regardless of the system size are the hindrances to the deployment of large
PV systems. In addition, this has reduced the effectiveness of other subsidy programs. Therefore,
PUC should clarify PV grid interconnection standards and strengthen the review system (faster
screening) as well as eliminate the PV installation capacity limits imposed on commercial
customers. Clarification of PV grid interconnection standards and strengthening of the review

system will also be indispensable if migrating from net metering to the feed-in tariff scheme.
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(2) PV-rebate scheme

Subsidy programs (PV-rebate scheme) for installers of grid-connected PV systems have been
established with UNDP/GEF aid. Subsidy programs for residential PV systems began in the
spring of 2014 with a subsidy rate of 35% and a limit of 3 kW/home at US $3.2/W. However,
considering a significant drop in PV system prices, the subsidy was revised in April 2015 to
25% and US $2.8/W. Subsidy programs for commercial PV systems began in November 2014
with a subsidy rate of 15% and a limit 15 kW at US $3.7/W.

Subsidies were used for 59 of the 78 total residential PV systems (413.22 kW according to
PUC) installed in Seychelles as of December 2015. This is a subsidy usage rate of 76%. Many
of the residential PV systems are 3-5 kW, and the total amount of subsidies for residential PV is
2,200,000 SCR. Subsidies were used for 14 of the 33 total commercial PV systems (927.8 kW
according to PUC), which makes the subsidy usage rate 42%. The total amount of subsidies for
commercial PV is 852,000 SCR. As you can see, the PV rebate scheme is used by many PV

system installers and especially by residential PV installers.

For the status of the budget for the PV-rebate scheme, of the total budget of 14 million SCR,
3 million SCR or 25% has been used. The UNDP is currently evaluating the project with the
goal of ending it in May 2016.

(3) SEEREP and low-interest loan program for small and medium enterprises

"Seychelles Energy Efficiency and Renewable Energy Program" (SEEREP), a low-interest
loan program targeting the housing sector for the purchase of energy-saving equipment and
renewable energy equipment with World Bank aid was established in 2013. SEEREP is a
program which offers low-interest loans through commercial banks to finance installation costs
for residential energy-saving and renewable energy equipment up to a maximum amount of
100,000 SCR. When obtaining a 1-5 year loan at 5% APR, one is required to pay 2.5% of the
loan amount with personal funds. SEEREP guarantees commercial banks up to 50% of each
loan in order to reduce the risk of loan default. Compared to personal loans from commercial
banks (12-14% APR) the interest is very low, but it has yet to be used. The SEEREP is currently
being evaluated, but as a result, inadequate knowledge of the program and the severity of credit
checks by the commercial banks have been pointed out as causes. For this reason, in the
evaluation, workshops are being held to fully publicize the program and to improve the banks'

screening capacity.

In addition, a low-interest loan scheme for small and medium enterprises are available, and it
can be used for PV systems of SMEs. The terms are 5 years up to 1 million SCR at 5% APR or
up to 3 million SCR at 7% APR.

Since PUC energy charges have dropped as shown in the table below along due to a sharp
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decline in oil prices, despite having such favorable subsidy programs to promote PV
deployment in SY and despite a decline in PV system prices, the effectiveness of incentives
such as net metering and PV-rebate have been lowered. The rate of decline in residential energy
charge in particular has been significant prolonging the investment payback period for PV
systems. For this reason, in evaluating the PV-rebate scheme, while the unit price of incentives
for PV systems are being revised according to the current market price, a review of the subsidy

rate and limit is also needed to improve its effectiveness.

Table 3.6.2-1 Rate of decline in PUC energy charges

Price category 2014 2016 Decline rate
4Q 1Q (%)
Domestic 0-200 kWh/M 1.40 0.37 73.6
(SCR/kWh) | 201-300 1.66 0.63 62.0
301-400 3.48 245 29.6
400-600 3.80 2.83 25.5
Exceeding 600 4.50 3.51 22.0
Commercial | 0-500 3.89 2.86 26.4
(SCR/kWh) | 501-1000 4.25 3.22 24.2
Exceeding 1,000 4.82 3.79 21.4

3.6.3 Economic analysis of RE integration on the target islands (Curieuse and Desroches)
(1) Curieuse Island

The current power supply for the park administration office on Curieuse Island is a diesel
generator (5.5 kW) and gasoline generator (5 kVA). According to the field survey conducted in
May 2015, only the 5 kVA (4.5 kW) gasoline generator is used, and the average daily gasoline
consumption is 20 L and 40 L on days when the demand is high. According to the efficiency of
the gasoline generator being used, the average daily power generation should be approximately
30 kWh with a maximum of approximately 60 kWh. The peak power demand at night is
approximately 5 kW. The main sources of demand are the administration building (refrigerator,
washing machine, fan, TV, computer, lighting and water pump), the manager's family housing
(refrigerator, lighting, etc.), living quarters for guest researchers (lighting), and pumps for the
water supply facility. The park administration office would like lighting for nighttime security
installed. Future demand was estimated considering the fact that the current power demand is
being suppressed due to supply constraints. According to the results, the peak demand would be
9 kW, and the demand quantity would be 85 kWh/day. Figure 3.6.3-1 shows the expected

daytime load curve.
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Figure 3.6.3-1 Expected daytime load curve for Curieuse Island

PV system specifications to meet this power demand was calculated using HOMER
(estimated assuming a battery life of 5 years or more is secured). The price of the main
components of the PV system used in the calculation are as listed below. An inflation rate of

3%/year and a discount rate of 10%/year were assumed.

Initial investment Replacement cost Operation and
(USD/kW, (USD/kW, maintenance cost
USD/kWh) USD/kWh) (USD/kW/year)
PV module (kW) 2,500 833 0.042
Converter (kW) 500 500 0
Battery (kWh) 500 500 0

The results are shown below. The most economical system is a PV system with a capacity of
40kW, inverter capacity of 10 kW (2.5 kW X 4 units), and a battery capacity of 350 kWh (2V,
600 Ah battery x 292 units). The initial investment is approximately 220,000 USD, and the
levelized cost of electricity is 1.16 USD/kWh. Annual operation and maintenance cost is

12,500 USD/year as the levelized inverter and battery replacement cost.

PV/
PV | Battery | Converter COE Operating cost | Initial capital | Renewable .
Production
kW) | (kWh) (kW) (USD) (USD) (USD) Frac (%)
(kWh/year)
40 350 10 1.16 12,500 280,000 100 63,000
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The results of a calculation using HOMER when adding a diesel generator [Auto size
generator, 750 USD/kW, minimum load 50%, fuel cost 1.23 USD/L (SEYPEC, January 2016)]
is as follows. The initial investment for a PV-diesel generator hybrid system is less than the
initial investment for a PV system alone, but the cost of energy for both cases are about the
same. In addition, when also considering ease of operation and maintenance including the need

for fuel transportation, impact on the environment, etc., a system with only PV and batteries is

preferable.
) Initial
PV Genset | Battery Converter COE Operating cost - Renewable
capita
kW) | (kW) (kWh) kW) (USD) (USD) P Frac (%)
(USD)
50 9.90 200 10 1.15 15,800 237,000 41
40 0 350 10 1.16 12,500 280,000 100

In addition, by installing a load limiter and limiting nighttime peak load to 8 KW, the system
configuration would change as shown in the table below, and the cost of energy and initial
investment could be lowered. Suppressing late-night refrigerator and water pump load with load

limiters is effective in reducing initial investment.

PV Genset | Battery Converter COE Operating cost Imt%al Renewable
W) | kW) | (kWh) &W) | (UsD) (USD) capital e (%)
(USD)
30 8.80 100 5] 0.823 14,000 134,000 41
0 8.80 100 5] 0.837 20,000 59,000 0

(2) Desroches Island
The main demand facility for Desroches Island is a luxury resort hotel, and IDC supplies

power to the entire island including the hotel with diesel generators.

Power demand fluctuates significantly by season in correlation to the resort hotel's operations
as shown in Figure 3.5-3-3. The months of high demand are December and January, with
Christmas and New Year holidays, and April, with Easter holidays. Since it is a resort hotel,
there is no difference in daily load between weekdays and weekends. The month with the largest

demand is April.
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Figure 3.6.3-2 Monthly fluctuations in power demand for Desroches Island

In contrast to the average home, daily load is high from 9 am to 9 pm as shown in Figure

3.6.3-3, so the conditions would be favorable for PV deployment.

Figure 3.6.3-3 Daily load curve for Desroches Island (April)

The resort hotel is currently undergoing extensive renovation due to a change in ownership.
The power generation equipment are also scheduled to be replaced as part of the renovation. It
is believed the demand will change due to the extensive hotel renovation, the changing demand
for electricity, but in this survey, we examined the deployment of a diesel-RE hybrid system

assuming the present power demand (2014 annual power generation records).
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The current abundance of renewable energy sources on the island obtained from NASA's
database is shown in Table 3.6.3-1.

Table 3.6.3-1 The abundance of solar and wind resources on Desroches Island

Daily averaged Average wind speed at
insolation incident on a | 50m height
horizontal surface (m/second)
(kWh/m?*/day)
January 542 5.350
February 6.03 4.820
March 6.26 3.890
April 6.16 3.610
May 5.58 5.490
June 5.28 7.210
July 5.42 7.320
August 5.85 7.390
September 6.43 6.970
October 6.69 5.010
November 6.47 3.610
December 5.96 4.110
Average 5.96 5.40

Insolation is good, but wind conditions are not very good. Therefore, without taking into
account the deployment of wind power, we evaluated the possibility of a diesel-PV hybrid
system using HOMER (calculated assuming a battery life of 8 years). The price of each

component used in the evaluation is as shown in the table below.

Initial investment Replacement cost Operation and

(USD/kW, (USD/kW, maintenance cost

USD/kWh) USD/kWh) (USD/kW/year)
PV module (kW) 2,500 833 0.042
Converter (kW) 500 500 0
Battery (kWh) 500 500 0
Diesel generators 750 750 0.125
(USD/kW, minimum
load 50%)
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The results are shown in the table below. Due to high fuel costs on remote islands a PV-diesel
hybrid system is the most economical system. The total amount of diesel generator capacity
required according HOMER calculations is approximately 800 kW. Considering regular
inspection, a hybrid system composed of 4 generators each with a capacity of approximately

300 kW and 1.4MW of PV is assumed. The renewable energy ratio in this case would be

approximately 20%.

i . . Renewable

PV Genset | Battery | Converter COE Operating | Initial capital F

rac

kW) | (kw) (kWh) (kW) (USD) | cost (USD) | (USD) )

(1]
1400 820 900 700 | 0.614 1,397,000 | 4.92 million 22
0 820 50 100 | 0.751 | 2,157 million | 0.69 million 0

3.6.4 Profitability evaluation on an IPP developing a large-scale PV facility

In order to achieve the RE deployment goals of Seychelles, the deployment of large PV
systems by IPPs are needed in addition to the installation of rooftop PV systems by PUC
customers. It can be said that the most practical measure would be for the installation of large
PV systems by IPPs be located in the relatively robust areas of the PUC grid to increase the RE

penetration rate especially on PUC's vulnerable power grid.

Therefore, we evaluated profitability assuming a case where a large-scale PV system were
installed near PUC's Victoria C Power Plant. Assumptions for profitability evaluation are

described below.

® PV system unit price

Unit prices of PV systems (rooftop) in Seychelles vary depending on the installation company
and location, but as shown in Figure 3.5.3-4, they are between the low unit prices in Germany
and Australia and the high unit prices in the United States and Japan. Since large-scale PV
systems generally ground-mounted, we used the US ground-mounted unit price (1.77 USD/W)
which is in between the most expensive (Japan) unit price (2.50 USD/W) and the cheapest
(Germany) unit price (1.33 USD/W).
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Figure 3.6.3-4 Comparison of PV system prices (2014)
(Unit: USD/W, Source: IEA PVPS Trends 2015 in Photovoltaic Applications)

® [ and prices
We assume the government will provide government owned land free of charge. The land
area required for PV-IPP varies according to PV array layout, etc., it is approximately
7,000-10,000 m?>/MW. It is not feasible for private companies to independently secure large
plots of land in Seychelles where there is little flat land.

® Operation and maintenance expenses
In contrast to rooftop systems installed by customers, in order to stably supply power to the
PUC over a long period, IPPs must establish an operation and maintenance system.
According to cases in Japan, it has been estimated that the operation and maintenance cost
of rooftop PV systems of less than 10 kW is 1% of system cost/year, but the average
operation and maintenance cost of PV systems of 1 MW or more is 3% of system cost/year.
In this calculation, we used 3% of construction costs/year as the operation and maintenance

cost.

® Raising investment funds
The AFD's (Agence Frangaise de Développement) SUNREF! (Sustainable Use of Natural
Resources and Energy Finance) is available as a low-interest loan scheme for large-scale
renewable energy projects in SY. This low-interest loan scheme applies to projects of up to
7 million Euros. The loan period is four or more years, and the grace period of up to three
years. Interest rate is determined through negotiations between the commercial bank
(organization conducting this scheme) and the borrower. A subsidy worth 8% of the loan
amount is provided once the project starts. The project financing terms for the application

of this loan scheme, which is currently being considered, to a renewable energy project in

! http://media.eib.org/attachments/gefior-project-leaflet.pdf
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Seychelles are: 15% down payment (personal funds) and 5% APR. Therefore, we assume
the use of SUNREF with the same conditions for the economic evaluation of this project
(15% personal funds, 85% loan, 5% APR). Considering the limit on project size for this
scheme, we set the project size at 4 MW. In addition, a subsidy worth 8% of the loan after

the project starts (first year of operation) shall be provided.

® Depreciation and tax
For depreciation, since the PV system is an approved environmental machinery under the
Business Tax Act 2009 in Seychelles, it is eligible for accelerated depreciation (40%/year).
For business tax, a tax rate of 25% applies to a profit of up to 1 million SCR, 33% for over

1 million SCR, and losses can be carried over for up to five years.

® Project period
PV panel manufacturer's output warranties are generally set at an output of 80% percent or
more for 20-25 years. Therefore, we could assume a project period of 20 or more years, in
this project, considering it will be conducted as an IPP project using private capital, we set

the project period shorter than the physical life of the equipment at 15 years.

® PV module deterioration over time

We used the PV module output decline of 0.5%/year estimated by Energynautics.

® (Capacity factor
We used the same figure of 16%/year estimated by Energynautics.

® Exchange rate
We assumed a rate of 13.1 SCR/USD based on exchange rates in the fourth quarter of 2015.
The trial calculation resulted in an IPP power selling price to PUC of 35 SCR/kWh, and an
ROE of 16%, which would be attractive to investors. Compared to the PUC cost of energy in
the summer of 2014 when the price of crude oil was 100 USD/barrel, the power purchase price
from PV-IPP would be cheaper than PUC diesel generation, but at present, where crude oil price
has declined to 20-30 USD/barrel, the power purchase price from PV-IPP would be double the
PUC cost of energy. However, since power generation from the 4 MW PV-IPP is 1.63% of the
power generated at the transmission end by the PUC power plants in 2013, so the impact that
the PV-IPP would have on PUC's cost of energy is a mere 1.5%. Considering the instability of
oil prices, global warming measures, etc., it can be said that the deliberate deployment of
PV-IPP during periods when fuel prices are declining and energy charges have dropped to low
levels is the most appropriate renewable energy policy to realize a stable power supply in the

future.

2 http://www.src.gov.sc/pages/businesstax/businesstax.aspx
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Chapter 4 Summary

4.1 Current issues in Seychelles

In order to secure power supplies other than diesel power generation and to accommodate
future power demand growth, the Government of Seychelles is actively engaged in the
deployment of renewable energy sources such as solar and wind power, and as government
policy, it has set its deployment goals at 5% by 2020 and 15% by 2030. In addition, based on the
Seychelles Energy Act enacted in December 2012, it has established a Feed-in Tariff scheme
(hereinafter FIT), Clean Development Mechanism (CDM), and other relevant institutions.
Under these circumstances, the SEC and PUC are aggressively working toward these goals. For
instance, the SEC in accordance with government policy, a 6 MW (750 kW x 8 units) Abu
Dhabi-funded wind turbine facility has already been installed in Victoria of Mahe Island, and it
is also planning the deployment of a large-scale PV facility (5 MW) in 2016. Such initiatives are
expected to continue in the future.

On the other hand, there are concerns about the impact mass deployment of renewable energy
will have on power quality (frequency, voltage, etc.), and the PUC, which manages the grid, is
concerned about such technical issues, but SEC and PUC are in ongoing discussions on
countermeasures. Based on the above background, the PUC commissioned Energynautics, a
German consulting company, to conduct a study on RE integration capacity, and the result was

an RE integration capacity of 28% by 2030.

4.2 Master plan for the deployment of RE in Seychelles
4.2.1 Technical issues on RE deployment
(1) Issues that impact power quality

Since output from PV and wind power fluctuate with changes in the weather, there are
concerns that the interconnection of large amounts to the power grid may affect power quality
such as frequency and voltage.
1) Frequency fluctuation

PV and other RE output may fluctuate significantly due to weather (see Figure 4.2.1-1). If a
short-term imbalance in supply and demand occurs, frequency will deviate from optimal values

and may give rise to problems in the stable supply of power.

Figure 4.2.1-1 PV output fluctuations
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2) Voltage rise
If the number of PV installations increases, PV output may need to be curtailed in order to

maintain the distribution network voltage at an optimal value.

3) Generation of surplus power

If PV generation increases, the total output of PV and diesel generation combined may exceed
demand during periods of low demand such as holidays resulting in surplus power. In
Seychelles, since the minimum output for the diesel generators is 50% of rated output, this may

infringe on the output lower limit.

(2) Status of PUC measures
1) Improvement of generation equipment

Two additional 8 MW diesel power generators were installed at the VICTORIA C Power
Plant on Mahe Island in 2015 which increased reserve power and made maintenance planning
easier. On the other hand, since there is no way to know the demand load as there are no meters
installed which constantly manage the operation of generators, a total system load display panel
which adds up the output of each individual generator and displays the total as system load
should be installed.

2) Power transmission and distribution equipment

Many resort hotels are located on the northern and southern parts of Mahe Island, but due to
lack of transmission capacity, currently power is not adequately supplied from PUC. PUC plans
to expand their transmission lines over three years to resolve this issue, and the demand load of
the hotels is expected to rise. On the other hand, since they are currently unaware of power flow
information, from the perspective of understanding PV integration capacity, a study on
obtaining power flow information is required. By doing so, it would enable quick responses to

voltage issues, etc.

4.2.2 Basic items for establishing a master plan

When deploying RE, it is essential to ensure that diesel generators or the base power and the
power grid are sound so that they do not interfere with RE deployment. Therefore, a study on
improvement measures for issues that arise due to RE integration, as shown in Figure 4.2.2-1, is

required.
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Figure 4.2.2-1 Necessary improvement measures for RE integration
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4.2.3 Study on measures to resolve issues

In order to advance RE integration, it would generally require a study on the improvement of
generation equipment, a study on the improvement of power transmission and distribution
equipment, a study on the impact on power quality, and a study on grid interconnection

guidelines.

1) Study on the improvement of generation equipment

If large amounts of RE were deployed, during times of high solar radiation intensity (around
11:00-15:00), there would be concerns about the low-load operation of the diesel generators
(long-period fluctuation measures). The lower limit for low-power operation of diesel
generators in Seychelles is currently 50% of the rated output, but with the expansion of RE
deployment, a study on operating at 50% output and the addition of low-load diesel generators
when adding diesel generators is needed. In addition, adjusting the governor response of diesel
generators as a frequency fluctuation measure could contribute to improving their capability

(short-period fluctuation measure).

Figure 4.2.3-1 Study on the improvement of generation equipment and its effectiveness

2) Study on the improvement of power transmission and distribution equipment

If large amounts of RE are deployed, whether or not the existing transmission and distribution
system can deliver the power generated by the RE becomes an issue. The transmission and
distribution system can be appropriately assessed by creating an impedance map. In addition, a

study on protection relay settings and intervals is also required.

Figure 4.2.3-2 Study on the improvement of transmission and distribution equipment and its

effectiveness
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Figure 4.2.3-3 shows the sequence of processes from the deployment of measurement

equipment on the transmission and distribution systems to validation.

r| Transmission & Distribution I ~
Implementation of measurement equipment System analysis .
- Normal time (SCADA equipment-few ) Cu_rrent flow ca!culatlons
minutes order) - Failure calculations
- Accident time (System phenomenon . Freqlulency response calculations.
observation instrument -few second order) - Stability, etc.
- Oscilloscope instrument ( us order) '
‘ Extraction of challenges
Data gathering * Overload
- Active power, Reactive power, Voltage, - Preservation of the voltage
Frequency, Current, - Frequency fluctuation
- Normal time, Accident time circumstances - Status of protection relays
Specifications Measures for Renewable Energy
* Impedance LD - Proper settings of Protection relays
- System modelling - Expansion of new transmission lines
- Installation of new substations
- /
Solutions in ! :
| Over Voltage | | Prevention of sudden blackout due to fluctuations in RE generation |

Figure 4.2.3-3 Flow of processes for measurements and analysis of the transmission and
distribution systems

3) Study of short-period and long-period frequency fluctuations

In order to stably operate the grid, short-period element (a few seconds) and long-period
element (several minutes) of the system frequency must be stabilized. Either a simulation
software or the algebraic method can be used to study the short-period element. In this study for
Seychelles, the algebraic method, a simple method, was used to conduct the study. On the other
hand, for the study on the long-period, the supply and demand balance was calculated using

simulation software, and the need for battery deployment was also examined.

Figure 4.2.3-4 Methods to study short-period and long-period frequency fluctuations
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4) Study on grid code

When large amounts of RE are deployed, stability is an important factor. An optimal grid
code is required to ensure this. The grid code should include specifications of the grid protection
device, etc. in addition to the management range of frequency and voltage and power quality

specifications.

Figure 4.2.3-5 Study on grid code

5) Study on RE maximization

Impacts on the grid such as frequency and voltage fluctuations are issues concerning the
maximization of RE. As a measure for this issue, using an energy management system (EMS) to
monitor and control RE and batteries to efficiently operate the grid can contribute to stable grid
operation. In addition, the deployment of smart inverters to curtail customer side PV output
should also be considered. However, these technologies are still in the development phase as
they are their validation through validation is underway, and since ICT infrastructure must be
developed concurrently to their deployment, careful and regular examination of technology

development trends and the possibility of their implementation is required.

,—| Power system stabilization l

- EMS (Energy Management System)

- Grid stabilization using network available load, such us water facilities pump, fishing port
ice makers, etc .

- Controlling of customers PV power conditioner.

Figure 4.2.3-6 Study on grid stabilization
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4.2.4 Master plan for the deployment of RE in Seychelles

The master plan for the deployment of RE on Mahe Island and Praslin Island is shown. The
renewable energy integration goal for the master plan was set at 15% by 2030. This goal was set
by the Government of Seychelles, and a study on the amount of renewable energy deployment
and a system stabilizing device required to achieve this goal was conducted (short-period and
long-period output fluctuation measures). In addition, for demand growth, taking into account
the demand growth of 875 GWh mentioned in the report prepared by Energynautics, a German
consulting company, an annual demand growth of 6% is expected. In addition, assuming the
demand growth rate remained low, an additional study was conducted where the demand growth
is 3%.

Figure 4.2.4-1 Energynautics report (excerpts)

(1) Mahe Island

A study on the master plan for Mahe Island to achieve a RE penetration of 15% by 2030 was
conducted using the simulation software, HOMER, by also considering RE integration capacity
results based on short-period fluctuations.
B Demand assumption 1: 6% annual growth

The master plan for the deployment of RE on Mahe Island assuming an annual demand
growth of 6% is shown in Figure 4.2.4-2. In order to achieve 15% RE penetration by 2030, it

would require the deployment of 60.2 MW of PV equipment and a large-scale power storage

facility of 120 MWh. In doing so, a study on short-period fluctuation countermeasures is

required in 2016, and a study on long-period fluctuation countermeasures is require in 2021. In
addition, since the reserve ratio of diesel generators would be reduced due to the increase in
demand, the installation of additional diesel generators in 2019, 2023, 2026, and 2029 should

also be considered.
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Figure 4.2.4-2 RE deployment master plan (Mahe Island)

Demand assumption: 6% annual growth

B Demand assumption 2: 3% annual growth
The master plan for the deployment of RE on Mahe Island assuming an annual demand
growth of 3% is shown in Figure 4.2.4-3. In order to achieve 15% RE penetration by 2030, it

would require the deployment of 37.7MW of PV equipment and a large-scale power storage

facility of 74.8 MWh. In doing so, a study on short-period fluctuation countermeasures is

required in 2016, and a study on long-period fluctuation countermeasures is require in 2021. In
addition, since the reserve ratio of diesel generators would be reduced due to the increase in

demand, the installation of additional diesel generators in 2024 should also be considered.

Figure 4.2.4-3 RE deployment master plan (Mahe Island)

Demand assumption: 3% annual growth
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(2) Praslin Island

As with Mahe Island, a study on the master plan for Praslin Island to achieve a RE
penetration of 15% by 2030 was conducted using the simulation software, HOMER, by also
considering RE integration capacity results based on short-period fluctuations. However, for
demand assumptions, according to the results of the study based on interviews, since a rapid

increase in demand is expected by 2020, demand was assumed as shown in the table below.

Table 4.2.4-1 Demand assumption for Praslin Island

6% annual rise 3% annual rise
Year Estimated Substantially Estimated Substantially
Demand (MW) annual rise Demand (MW) annual rise
2015 8.1 8.1
2016 9.1 8.6
;8: ; :?; 11.86%/year 8(13 5.93%/year
2019 12.7 10.2
2020 14.2 10.8
2021 15.0 111
2022 15.8 114
2023 16.7 11.8
2024 17.7 121
T :g:; 5.69% year 15:2 2.845% /year
2027 20.9 13.1
2028 22.1 13.5
2029 23.3 13.9
2030 24.7 14.3

B Demand assumption 1: 6% annual growth

The master plan for the deployment of RE on Praslin Island is shown in Figure 4.2.4-4. As a
result, in order to achieve 15% RE penetration by 2030, it would require the deployment of 0.8
MW of PV equipment and a large-scale power storage facility of 4.1 MWh. In doing so, a study

on short-period fluctuation countermeasures is required in 2017, and a study on long-period
fluctuation countermeasures is require in 2027. In addition, since the reserve ratio of diesel

generators would be reduced due to the increase in demand, the installation of additional diesel

generators in 2019, and 2027 should also be considered.

224




Figure 4.2.4-4 RE deployment master plan (Praslin Island): 6% annual growth

H  Demand assumption 2: 3% annual growth
The master plan for the deployment of RE on Praslin Island is shown in Figure 4.2.4-4. As a
result, in order to achieve 15% RE penetration by 2030, it would require the deployment of 6.6

MW of PV equipment and a large-scale power storage facility of 2.4 MWh. In doing so, a study

on short-period fluctuation countermeasures is required in 2017, and a study on long-period
fluctuation countermeasures is require in 2027. In addition, since the reserve ratio of diesel
generators would be reduced due to the increase in demand, the installation of additional diesel

generators in 2025 should also be considered.

Figure 4.2.4-5 RE deployment master plan (Praslin Island): 3% annual growth
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4.2.5 Case study on each condition for the master plan
In this section, of the RE deployment master plans described above, a specific case study on

Mahe for each condition is shown. The RE deployment roadmap (Mahe Island) shown in Figure
4.2.4-6 shows the items that require study for the master plan in Figure 4.2.4-2. Study items are
divided into the following three.

Study item 1: RE Short-period fluctuation measures

B Jssue: Possibility of system frequency deviating from the allowable range due to mass
deployment of large-scale PV (50 kW or more)

B Method: Algebraic method (Section 3.1.3.5 of this report)

B Content: Calculation of RE integration capacity and the capacity of the system stabilizing
device

Study item 2: Expansion of reserve capacity due to the growth in demand (addition of diesel

generators)

B [ssue: Possibility of inadequate reserve capacity due to growth in demand

B Method: Calculation of the economy of energy using HOMER (Section of this report)
B Content: Calculation of the reserve capacity required

Study item 3: RE Short-period fluctuation measures

B Issue: Possibility of surplus power due to the mass deployment of RE
B Method: Calculation of the economy of energy using HOMER (Section of this report)

B Content: Calculation of surplus power and capacity of power storage facilities required

kW
120,000
Capacity of diesel power generation
[ RE Deployment Roadmap }
100,000 Capacity of diesel power generation
Capacity of diesel power generation
80.000
Shortage of DEG
reserve capacity
50000 [ Long-period constraints]
: RE interconnection capacity MW 16.0 (WT+PV)
Deployment of large storage battery facility for surplus power
PV (MW) measures
40,000 . B :
Wind power facilities 6 MW Total RE generation MW
MW
[ Short-period constraints] sMw
RE interconnection capacity eMw 282
20,000 8.0 MW (WT+PV) L euw oMW 282 Mw
‘1’ o MW 245 Mw
MW 17.5 20.7 Mw
MW 1.8 145 jyv MW
6MW 52 7.20 9.5 MW MW
MW MW MW
0 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025  vear
Study section 1 ‘ Study section 2 ‘ ‘ Study section 3 ‘

In Figure 4.2.5-1 RE deployment roadmap (Mahe Island): 6% annual growth

Study item 1: RE Short-period fluctuation measures

Study] lcondition: If 4 MW of PV is interconnected to the grid in 2016

(1) Expected grid status

Capacity of RE interconnected to the grid: 11.2 MW (PV 5.2 MW, WT 6 MW)
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(2) Specific study item

Since the same content was described in Section 3.3.3, the following study items are cited.
(D System constant calculation: verification of load following capability of the generators

and frequency stability by conducting load rejection tests

Calculation of demand fluctuation rate: verification of demand load fluctuation

@
®

@
(3) Obtained results
PV integration capacity for short-period constraints using the algebraic method was 2.0 MW.

Demand analysis: verification of expected maximum demand

Calculation of RE fluctuation rate: verification of RE fluctuation

Table 4.2.5-1 Calculation results for short-period RE-interconnection capacity (Mahe)

(reshown)
Demand | PV fluctutaion PV WT RE
(MW) rate (%) (MW) (MW) (MW)
32 0 6
Probability
(95%) 40 80 0 6 6
50 2 8
16/03/2016 50 100 1.6 6 7.6

Of the 4 MW of PV capacity, excluding 1.2 MW of systems of 50 kW or less, for the 2.0 MW
of PV capacity which exceeds the short-period constraint of 2.0 MW, RE output fluctuation
measures are needed.  If fluctuation measures for the 4 MW large-scale PV facility currently
being considered are taken into account, assuming the deployment of lithium-ion batteries, the
battery capacity required to maintain power quality (frequency) within the frequency control
value at a 95% probability for a system load of 50 MW is 1.6 MW x 0.5 h = 800 kWh.

Table 4.2.5-2 Grid measures for the deployment of a 4 MW PV system (Mahe) (reshown)

Study item 2: Expansion of reserve capacity due to the growth in demand (addition of

Demand | Allowable PV | PV required grid | Battery(LiB)
(MW) (MW) stabilizer (MW) (MW) X 0.5h
32 0 4 3.2
Probability
(95%) 40 0 4 3.2
50 2 2 1.6
16/03/2016 50 1.6 24 24

diesel generators)

|Study condition: If the total demand in 2019 grew to 63.1 MW]

(1) Expected grid status

Total diesel generator capacity: 80 MW

(2) Specific study item

(D Calculation of supply and demand balance economy using HOMER: verification of reserve
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capacity
Since there is a 21.12% chance that a shortage in reserve capacity would occur according to
the results of the calculation of supply and demand balance economy using HOMER, the

addition of generators should be considered.

@ Study on the addition of generators: study on additional capacity

If it is assumed that a shortage of reserve capacity will occur according to the simulation
using HOMER, it is necessary to come up with an expansion plan. As shown in Figure 4.2.5-2,
the addition of generators will be determined in the study by taking into consideration additional

capacity and the period of time until the next expansion.

- Ef‘m“:i‘w Study category | Study item Study contents

iy - : -
DEG Total eapacity Diesel Unit ¢ Securing power
- e . e
= == Additional capacity supply capability
- q g
" =T 209 capacity ¢ Securing down
% ‘‘‘‘‘ (Technical/operational) reserve
=] - . 0
g | | - | 209 Total Units * No. of units
- . . .
s PPtioas considering failures
= = .
= - 209 and maintenance
&
2
a .
c / Period to next ~Demand » Large-scale
E] addition prediction customers to be grid-
Z accuracy connected
(Social + Consideration of
N . " conditions/financial)
erors
A A Budget *  Verification of
(MW) securable budget

Present X Year Y Year (Deployment/O&M

costs)

Figure 4.2.5-2 Schematic diagram of the study on diesel generator additions

(3) Obtained results
In 2019, an addition of 8 MW x 2 units = 16 MW is suitable. However, the unit capacity and

number of units were determined based on the generators most recently deployed by PUC, and
the accuracy of the expected demand has yet to be validated. In addition, since the concept of
reserve power, budget, etc. for this study may vary with the conditions of PUC being considered,

power supply and the need for additional generators should be reviewed regularly using
HOMER.

Study item 3: RE Short-period fluctuation measures
|Study{ |condition: If 17.5MW of PV is interconnected to the grid in 2021|

(1) Expected grid status
Expected demand: 71.0 MW
Capacity of RE interconnected to the grid: 23.5MW (PV 17.5 MW, WT 6 MW)
(2) Specific study item
For long-period fluctuation measures for RE, the RE integration capacity for the long-period

constraints must be estimated and compared with the trends on the amount of RE deployed to
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verify how much and at what time surplus power will occur. In section 3.3.4.2, the following
items were conducted in the calculation of supply and demand balance economy using HOMER
for 2015.
(D Calculation of the RE integration capacity for long-period constraints
@ Estimation of surplus power generated for each constraint
@ Study on surplus power measures
(3) Obtained results
B The RE integration capacity for long-period constraints may be exceeded beginning in
2021, and surplus power may occur.
B For example, it is estimated that 125 MWh of surplus will occur in 2024, and if all of this
power is absorbed by batteries, a capacity of 32 MWh is required.
[Reference] Estimated costs to implement the master plan
The estimated costs up to 2030 is as follows. However, since unit prices must be updated as
needed, these costs are not limited to these values. In addition, for PV and battery deployment
costs, it was assumed that PUC conducted it.

Table 4.2.5-3 Estimated costs to implement the master plan (Mahe Island - estimated demand

6%)
Equipment Cost (USD) Capacity Unit price and calculation basis
PV 119,000,000 | 60.2 MW | 2,000 USD/kW
Unit prices for the equipment were
estimated based on market prices in
Seychelles
DEG 64,000,000 | 64 MW 1,000 USD/kW
(additional) | Market prices derived from interviewing
Japanese manufacturers
Batteries 59,500,000 | 120 MWh | Lead-acid battery : 50,000 JPY/kW'!
(Long-period "Storage Battery Strategy" Source: Ministry
measures) of Economy, Trade, and Industry
PCS 87,250,000 | 174.5 MW | 50,000 JPY/kW
(PV + Battery) Market prices derived from interviewing
Japanese manufacturers
Total 329,750,000 —

4.2.6 Study process for implementing the master plan

The study process for the case study for each condition described in the previous section is
shown in Figure 4.2.6-1. The ability to maintain frequency, which is an indicator of system
stability, differ depending on the power system's power supply configuration, load
characteristics, etc. The RE integration capacity obtained according the current system
conditions on Mahe Island are as follows.
B Short-period constraint: 2.0 MW

Thttp://www.enecho.meti.go.jp/committee/council/basic problem committee/028/pdf/
28sankou2-2.pdf
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B Long-period constraint: 10.0 MW

Since the load following capability of diesel generators have a large impact on short-period
constraints, when adding generators due to increased demand, the amount of short-period RE
output fluctuations allowable must be determined by conducting the load rejection test
conducted in this project. When integrating an amount of RE which exceeds this amount,
system frequency can be stabilized by installing a stabilizing device capable of securing the

capacity and output of the RE exceeding the limit.

For long-period constraints, surplus power due to diesel generators' output lower limit may
occur, and RE integration capacity may change depending on changes in demand and power
supply configurations and the operation policy of the time. Therefore, as with short-period
constraints, a review is required whenever there are changes in the status of the power system.
In this project, the operation of diesel generators for the demand load and natural conditions (PV
output and WT output) was shown by calculating supply and demand balance economy using
HOMER. The capacity of RE exceeding the long-period constraints and when and how much
surplus power will occur must be determined by performing this method on a regular basis, and
all necessary measures (output curtailment and battery installations) must be considered.

Furthermore, in the simulation using HOMER, since the reserve capacity with diesel

generators can be determined, the timing of generator additions can also be determined.

[ Project for Formulation of Master Plan for Development of Micro Grid in Remote Islands of Seychelles

Study on and implementation of a support system based on the level of achievement of the

N

[ Development of legal system

renewable energy deployment goals

{ Technical measures

short-period constraints = 2.0 MW

PV grid integration capacity for
long-period constraint = 10.0 MW

2016
RE 1.5%

{ Using HOMER to verify grid status }
— DEG reserve capacity

>20% or more

of DEG total output?

__—Grid Connection of systems of N
50 kW or more. Is the total capacity
._of PV facility over 2.0 MW?

Short-period constraints
+ Fast response battery system (Li)
+ PCS quantity control
* Flywheel equipment
* Other

[ Addition of diesel generators

- Using HOMER to calculate battery

Long-period constraint measures
storage system capacity

« System constant (%MW/Hz) (load rejection test)
= Demand fluctuation (Demand data)

* PV output fluctuation range

= Frequency fluctuation adjustment range

capacity for short-period

Recalculation of PV grid integration
constraints

rate, and total capacity of diesel power

Verify peak load, renewable energy penetration
generation facilities annually.

Figure 4.2.6-1 Study process for RE integration
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Okinawa Enetech Co., Inc.

cacu

(1) Algebraic method (simplified method)
m This estimation method is simple and clear.
m It has been proven in Japan and is highly reliable.
m Model construction of generators is unnecessary, and when
expanding the adjustability of generators and storage batteries,
estimation is possible by applying it to the LFC value.

(2) Simulation method (detailed method)

m This method reflects the grid’ s unique characteristics and is
used in order to verify the validity of the algebraic method.

m Real wind and solar power data is used, so it is highly reliable.
m It requires dedicated tools for calculating and highly specialized
knowledge.
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€ LFC (load frequency control) aims to control and
eliminate the imbalance of supply and demand due to load
fluctuations by automatically controlling the generator
regarding components of a cycle of a few minutes to
approx. 20 minutes with a calculator.

=
©
=
c
o
2
©
B2
o Load EDC
i | characteristics Y
o \\
© \
S LFC
0 0.5 1 20 60
Time (min)

Fig conception of control share

[Required Specifications]
@ LFC adjustability

PV = Operation method/specifications for
Rated intro. amount generator

@ Frequency adjustable margin
e S = Total demand (kW)

= System constant (% kW / Hz)
= Allowable frequency fluctuation
range (Hz)

@ Demand fluctuation
= Demand data (resolution: a few
seconds)

Frequency adj\stable margin

@ PV connectable to the grid (fluctuation rate)
= Solar radiation intensity data
(resolution: a few seconds)

PV Output fluctuation range

=\/(Frequencyadjustable margin) > + (LFC) °— (Demand fluctation) °

—.———

Connectable amount (short-period) = Allowable amount of PV fluctuation / PV output fluctuation rate




€ The LFC control system has time elements such as change rate and
control delays, but these time elements are shown as control delay curve
B, and the figure below shows the relationship among load fluctuation

amount, adjustability with LFC, and frequency adjustable margin.
e ._.Frequency adjustable margin: Rmax

Margin Allowable Load fluctuation

\ E

OL: load fluctuation amount O 4

LR: adjustability with LFC

OR: adjustable margin

B : control delay curve R S

Fig Relation among Load fluctuation amount.

Japan Technical Report No. 869

See Institute of Electrical Engineers of
Figure 5.13

9 1D DEelWee

LFC and allowable adjusta

@ In the figure below,

- If the control delay curve is 80 or higher, it becomes impossible to keep
adjustable margin within the allowable value (Rmax) no matter how much
LFC adjustablility (LR) is increased.

- Thus, for the allowable adjustable margin (Rmax) which is determined by
an allowed frequency deviation, the allowable load fluctuation when the
maximum LFC adjustability is utilized is when OR is perpendicular to LR.

"""=.,=AI lowable load fluctuation

Frequency""""""""""I';\. LFC adjustability

: \. : :
adjustable 5 (max i mum) i
margin : Rmax ARt s

Fig allowable load fluctuation against
frequency adjustable margin




ability with AFC and allowab

Allowable load fluctuation

*Since LFC performs generator control after

\ detecting load fluctuation, the control is
Frequency : Control del delayed by the responsiveness of the
Adjustable LFC adjustablity ~°Ntro! detay generator, and adjustable margin occurs.
margin

All ble load fluctuati
owab'e load Tuctuation +If LFC adjustability is constant, adjustable

Frequency margin increases as control delay
Adjustable Control delay e
Margin increases : : g
+In the lower portion of the algebraic
g LFC method, even if control delay reaches
Maximum >, (fixed) maximum, a composite fluctuation amount
S which can keep adjustable margin within
the allowable adjustable margin is
B calculated.
Allowable load fluctuation !
: o > *The maximum control delay that can keep
| : adjustable margin within the allowable
Frequency - adjustable margin is where LFC
Adjustable When control delay adjustability and adjustable margin
margin e ranende | intersect perpendicularly.
\\\ ...... _‘// N € LFC adjustability.and 5
e - allowable adjustable Allowableload fluctuation
~ (flxed) marglr: :\terse:: it .
within the allowable = \/ Adjustable margin® + LFC>

adjustable margin.

e 1iuc

@ On the other hand, the target fluctuation for AFC control, is the composite of load
fluctuation and PV power variation, and because there is no correlation between the
two, it is as follows.

Allowableload fluctuation

:\/(Demand Fluctuation) * + (PV Fluctution)?

Demand :
Fluctuation PV Fluctuation

-

=

Allowable load fluctuation

Composite fluctuation amount of Load and PV fluctuatior 8




output fluctua

B The evaluation time window is set at 10 min, and the “output fluctuation range” is the difference
between the maximum output and minimum output during this time.
* Since Okinawa is a small island, the simulation is conducted with the time window set at 10 minutes
as this is believed to be most suitable.
B The “output change rate” is the result of the fluctuation range divided by the time required for the
fluctuation range.

Maximum Output

g A
~3 Change range
— .,
= 1| ™
o 1
E oo
o 1 .
c ! .
o ! k
T 1
1 A
E ! _— Minimum Output
o) —_— 7 I~
O Change rate !
I L \> Time
<4— Evaluation time —

(The 10-minute window in this case) | T |

Definition of evaluation time window, output fluctuation range, and output change rate

obabli

Values that encompass 99.7% of all events are defined as 30 values.
Compared to using the maximum value (100% of all events), the amount of
renewable energy introduced is expanded.

1.2

0.8 -

0.6 -

95.4% (20)

99.7@

o 20 40 60 8o 100 (% )

0.4 -

Solar radiation intensity (kW/m?2)
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aximum amount of RE to the grid)

- Consider two points to determine RE amount

(DAllowable Frequency change range
=0.3Hz,0.5Hz,1Hz or etc.

@How much risk do you take?
=30(99.7%),2 0 (95.4%), 0 (68.4%)

Example: allowable amount of PV kW in Majuro (Peak demand : 7TMW)

Allowable range 0.3H=z 0.5H=z 1HZz
30(99.7%) 170 kW 300 kW 610 kW
20(95.4%) 260 kW 440 kW 890 kW
0 (68.3%) 420 kW 700 kW 1410 kW -

Thank you !!
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method considered).

p

\_

Model of genl

Frequency change simulation

Un

RE change rate

stable
area

Stable area

RE change range

| N

Model of gen2

Frequency
fluctuation

|

RE output fluctuation
(Assumption)

y

Assumed RE output by measurement data

’ Solar radiation data ‘
i

’ Electric power output ‘

’Calculate change rate and range ‘

IRE change rate

RE change range
Measurement plot of fluctuation

e simulation uses tools which are currently used for power system analysis to create a diagram showing the
relationship between changes in the balance of supply and demand (fluctuation range and change rate) and
frequency changes.
M [n this figure, the simulation is carried out by applying the result of power output estimated from the solar
radiation data which considers the smoothing effect and verifying the number of frequency deviations (probabilistic

Composite of simulation
and measurement plot

We evaluate allowable RE
introduced amount by
statistically considering ratio
that measurement plots are in
unstable area

Unstable area

RE change rate

Stable are

RE change range

the calculation is performed.
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generators

A

Existing

Input
Output
fluctuation
that simulates
] renewable

_energy

-

- &
.

PY

Step 1] A model like the one below is constructed using a special tool, and

Due to the relationship
between @ and @), the
fluctuation range and
change rate that can be
kept within = 0.3Hz (for
example) of the limit
value is plotted to draw a
curve.

A schematic diagram of
the curve is shown on the
next slide

N~

@ Output is adjusted with the GF and AFC functions of the
generators for the system frequency fluctuation.

@ A variety of data on fluctuation range and change
rate are entered for simulation based on the amount
of renewable energy to be connected.

(Supply and demand balance is lost, and the system
frequency fluctuates.)
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A variety of output fluctuations on the previous slide are entered and the
points of the results 70.3Hz (for example) are plotted to draw a curve.
(This curve is called frequency sensitivity curve)

Relationship between load change rate and range

}
)

Unstable Area
Frequency is

h without +0.3Hz
I
\A\ 1 I

Frequency sensitivity curve

Load change rate (kW/min)

Stable Area o

Frequency is
within  £+0.3Hz

Load change range (kW)

[Step 3] The composite value of the expected PV output data based on
measurement data is plotted in the above graph to verify the amount of
frequency and whether it is within 70.3Hz.
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A schematic diagram of the simulation results (for example) is shown in the table below.
When the amount of PV connected was increased to 13MW, frequency deviation
exceeded 0.3% (30 or equivalent). Therefore, the connectable amount is 12MW.

Amount of PV
connection 10 11 12 13 14
[MW]

D Frequency

0aHe doviaton | 0.17% | 0.17% | 0.17% | 0.44% | 0.44%

rate

@ [Reference]

No. of days with 1 day 1 day 1 day 5 days 5 days

+0.3Hz deviation (3.2%) (3.2%) (3.2%) (16.1%) (16.1%)
(Percentage of days)

Judgment

(whether (D is within Yes Yes Yes No No
0.3%)

By superimposing the frequency sensitivity curve calculated by the simulation model and the estimated
values calculated on the basis of the PV measurement data [Data for 1 month: 7200 values], the number of frequency
deviations are counted and the amount of PV connection that falls within 0.3% (22) is verified.
<Probabilistic method (3 0 value) is considered>
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EDC

Okinawa Enetech Co., Inc.
Energy Development Div.

Issues in remote islands power plants

" Geographical condition

Similar conditions to Southern pacific countries

-Energy

The diesel power generation cost in remote islands is

relatively high compared to the mainland Okinawa. Reduction

of the charge is one of the major business challenge for
OEPC.

-Improvement effort of Diesel performance in
Okinawa

Switching of fuel to FCC (Fluid Catalytic Cracking) class C
heavy oil, Fuel transport through pipeline, Fuel recycle of
waste oil, Integration of small grid systems with marine
cables , Utilization of renewable power (hybrid system) ,
implementation of EDC assist system .




High dependency on diesel ail

» 11 isolated grids and all of those are highly dependent on
fossil fuel, especially diesel oil.

Locations Generation system Total rated Abiagsei Fuel type
Y output [kW] | of units (heavy oil)
- Kume island Internal combustion 18,500 8 CII:'CAéfé’
Tokashiki island  Internal combustion 5,200 8 CLASS A
Tonaki island Internal combustion 850 5 CLASS A
BES  Aguniisland Internal combustion 1,600 6 CLASS A
n Mm;g?;;[d)ano Internal combustion 3,640 6 CLASS A
B Kita-Daito island  Internal combustion 1,540 6 CLASS A
. CLASS FCC-
2 Wilvelke I Internal combustion 59,000 9 C
Gas turbine 15,000 3 CLASS A
BE  Tamaraisland Internal combustion 1,860 4 CLASS A
. CLASS FCC-
Ishigaki island Internal combustion 78,000 8 C
Gas turbine 10,000 2 CLASS A
BN Haterumaisland  Internal combustion 950 4 CLASS A
BEM Yonaguniisland  Internal combustion 2,410 4 CLASSA 3

What is EDC Assist System?

BEDC assist system

EDC (Economic load Dispatching Control) is one of
the methods to support the control of multiple diesel
power generators with the least fuel consumption of
each unit based on their fuel efficiencies.

This system is practiced to conduct economic
operation by lowering the consumption of expensive
fuel in remote islands.




What is EDC System?

» Support system
Implementation of EDC assist system in the power
plant not control directly the effective output of each
diesel generator calculated with the program, but it
displays the results on TV monitor (or see in tables)so
that the operator can manually controls the units.
Since this system indirectly controls, it is called as
“assisting system.”

—

What is EDC System?

» fuel efficiencies

Generally, diesel engines perform the best around
rated output level and the worst around the low load
range. Next figure shows an example of comparison
in fuel consumption rate of five generators (unit A:
rate output 100kW to unit E: rated output T000kW)
used in Japan’s remote islands. This indicates that
both of diesel generators function most efficiently
around the rated output range and worsen as the load
factor decreases.

—




Fuel efficiency and load factor in diesel engines
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Low load factor operation

» When operating with low load factor, a primary
phenomena can be seen in diesel engine is the
incomplete combustion, a poor burning of fuel-air
mixture in the cylinder. A portion of fuel oil turning
into soot is released as black smoke or white fume
(liquid smoke), the fuel itself is discharged by the
imperfect combustion. If the injected fuel doesn’t
converts fully into heat energy, necessary output
can’t be attained, thus more fuel needs to be
supplied. This is the cause of increase in fuel
consumption ratio.




Economical Load Dispatching
Operation?

» Economical load dispatching operation controls
outputs of each generator to gain the most
economical load distribution among multiple DG
units.

% QOperation with Economical Load Dispatching
enables reduction of fossil fuel consumption in
remote islands, and suppression of greenhouse gas
release such as carbon dioxides.

EDC Software

» EDC software calculates load allocations with the
least fuel consumption in operation of multiple
diesel generators.

% This EDC software is developed with VBA(Visual
Basic for Applications) of Microsoft Excel,
particularly useful for the formulation of EDC table.




EDC SYSTEM

- EDC Assist System Hardware

v Input the fuel consumption of each diesel generator into a
computer equipped with the EDC ASSIST software and set up
the efficiency characteristics of each unit

~ Power output of each unit is recorded with measuring device
and the software calculates optimum load dispatching based
on the power output data

» Calculation results will be displayed on both computer and
display monitors, and operators must adjust the unit power
output as directed by the EDC program

EDC Measurement System Diagram

Computer with o o
EDCASSIST Liquid crystal television

General measuring
equipment

e = oS EDCASSIST

No.l No.2 No.3
DEG DEG DEG Display enlargement option

Because system cost is expensive, and the software is only in Japanese version
yet, to implement the EDC system is necessary only a computer with the
software to prepare the necessaries tables of running diesel combination.




Evaluation Flow diagram for EDC results

[ Did overall fuel consumption in plants improved? |—> Maintain
YES current status

NO or ?

—>[ Was the EDC procedure implemented by operators correct? J
YES NO or ?

> | ResultA

->[ Was fuel consumption correctly measured? ’
YES NO or ?

> | ResultB

|—>[ Was the formulation of EDC sheet correct? ]
YES NO or ?

>| ResultC
L[ Actual operation is good ]

e

Was the EDC procedure implemented by
operators correct?

» Insufficient realization of EDC benefit due to different
operation methods applied by each operator.

Ex. Intervals of output conditioning differ with each
operator.

» Is the work environment ready for operators to utilize
the EDC?

Ex. Being in difficult situation to perform EDC operation
as desired due to on-going maintenance, etc.

Improvement method:
. Training of operators




mption correctl
Result B Was fuel consumption correctly
measured?

» Accuracy in fuel flowmeter reading.
Ex. Flowmeter is not appropriately calibrated.

» Is measuring method unified?
Ex. Readings of display value are not unified.

Calibration period:3 years

mption correctl
Result B Was fuel consumption correctly
measured?

» Returning fuel from the engine is considered into
fuel flow amount?

Ex. When returning fuel increases, fuel consumption
ratio improves though fuel flow amount at engine
inlet is the same, and the returning fuel was not
taken into account.




Was fuel consumption correctly

Result B measured?

Was the formulation of EDC sheet
correct?

Result C

» Any errors on Economical load dispatching table?

Ex. Simple errors with data input or updating fuel
consumption.

» Any problem during the use of the EDC soft?

Ex. Not valid or appropriate values during load
dispatching table are draw up.

Improvement method:

1.Review input process according explanation
during the training course.

2.Ask for new data of EDC system soft .




Was the formulation of EDC sheet
correct?

Result C

SASH  EBSi  ACSH  BDSH  XeSH

3

0550
0500
2
g
< A
g 0
H

N . o
N Data input
.\\ X I DG Uni I DO I m I DG.C I DGO I DG I DG I DG:G I DG I DC:l I
\\ N  — RS S S S S S S —
SSSE ettt
A
SN =
o 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 110% Load dlspatChlng table
Output (load factor) draw up
Fuel consumption data
acquisition

Selection | Unit A
machine | 1400 (kW)
Max 13000W)

Uit B
1400 (W) | Min. value
13000W)
350(<W) Lh

350(kW).

Difference of fuel consumption — same cap. DEG

Selection | Unit A Unit B Fue) conslir e
machine amount Total Min. value
TOOKW | T00kW L/h
Max. 100kW | 100kW . .
Min. 50kW 50kW Uhge 2 Ur B L/h L/h
50 100 21.05 33.8 54.85
60 90 s 29.79 52.29
70 80 24.15 26.72 50.87
It 80 70 26.48 24.36 50.84 05
90 60 29.97 22.38 52.35
100 50 35 20.45 55.45
60 100 22.5 33.8 56.3
70 90 24.15 29.79 53.04
160 80 80 26.48 26.72 53.2 53.2
90 70 29.97 24.36 54.33
100 60 35 22.38 57.38
70 100 24.15 33.8 57.95
80 90 26.48 29.79 56.27)
I 90 80 29.97 26.72 56.69 627
100 70 35 24.36 59.36
80 100 26.48 33.8 60.28
180 90 90 29.97 29.79 59.76 59.76
100 80 35 26.72 61.72
90 100 29.97 33.8 63.77
Ve 100 90 35 29.79 64.79 e
200 100 100 35 33.8 68.8 68.8

B EEE
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Difference of fuel consumption - same demand

Selection Unit A Unit C . Selection Unit B Unit C .
machine Min. value machine Min. value
100kW 200kW 100kW 200kwW Difference
Max. 100kW 200kW Max. 100kW 200kW
Min. 50kW 100kW L/h Min. 50kW 100kW L/h L/h
150 50 100 55.95 150 50 100 55.35 0.60
160 60 100 57.4 160 50 110 57.08 0.32
170 70 100 59.05 170 50 120 58.85 0.20
180 70 110 60.78 180 50 130 60.49 0.29
190 70 120 62.55 190 50 140 62.31 0.24
200 70 130 64.19 200 60 140 64.24 0.05
210 70 140 66.01 210 60 150 66.33 0.32
220 70 150 68.1 220 70 150 68.31 0.21
230 70 160 70.23 230 70 160 70.44 0.21
240 80 160 72.56 240 80 160 72.8 0.24
250 80 170 75.1 250 80 170 75.34 0.24
260 80 180 77.96 260 80 180 78.2 0.24
270 80 190 81.2 270 90 180 81.27 0.07
280 90 190 84.69 280 90 190 84.51 0.18
290 90 200 88.57 290 90 200 88.39 0.18
300 100 200 93.6 300 100 200 92.4 1.20
21

Result D |Explore causes besides A~C

» Stability of fuel quality.

Ex. Uncertainty with stability of fuel quality due to
the lack of periodic self-inspection.

» Consent level of willingness and understanding
among operators towards the change.

Ex. Despite of being fully prepared and informed of
the implementation of EDC, some operators are
skeptical and unwilling towards new procedure.
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Chapter 1 Research
1. Initial Conditions
1.1 Purpose of Installation

In the beginning, the purpose and necessity of the PV system installation should be clarified.
In some cases, issues to be studied and the contents of system design might be changed as a
result.

Example purposes;

» To establish an electric utility business

To reduce electricity bills and power consumption
To utilize as a back-up power source for emergency
To contribute to the prevention of global warming by CO2 emission reduction.
To address environmental issues as a part of CSR activities
To secure power sources in non-electrification area
Effective use of unused lands and idle spaces

VVVYYVYYVYYV

If the facility tour route for environmental education and enlightenment is set up in the planning
stage, it will function optimally. In addition, it would be good to consider not only system
installation but also system support requirements such as an effective measure to achieve targets,
programs and so forth in the planning stage.

1.2 Installation Location

Installation location needs to select a suitable place for the purpose of installation, system size,
cost, construction schedule and so forth. The contents of a design, electric power generation,
cost and schedule may vary depending on site conditions. Hence, following items need to be
taken into consideration comprehensively for the selection.

surrounding environment, snow coverage, area, salt damage, lightning damage, situation of
electric facility, situation of power system, carry-in route, maintenance, related laws and
regulations (necessity of several procedures), necessity of land grading, ground condition,
drainage condition and so on.

1.3 Installation Scale

Installation scale is limited to some extent by installation area and its budget. Depending on
the type of solar cell and tilt angle, but the PV array needs a location estimated at 10 - 15 mi per
kW as a standard. It is desired to consider installation space for ancillary facilities such as
substation facility, PCS and so on.

1.4 Load

In grid-connected system that is generally employed, if generated energy is smaller than power
consumption, the electricity will be supplied by the power system, and conversely if generated
energy is larger than power consumption, reverse power flow (sell power) will be carried out to a
commercial electric power system. Although the power consumption pattern of load does not
influence an installation scale directly, especially in the case of a large-scale PV system,
construction cost and schedule can be significantly affected by the response of the power
system and protection facilities with the grid connected operation. Therefore, it is necessary to
perform a prior consultation with the electric power company (grid operator) in the early stages of
planning. In addition, a suitable substation facility commensurate with load system is usually
installed. However, the power generation scale of PV systems (power generation facility) in
Japan, an upper limit is set for each receiving voltage (receiving the power form) by
“Grid-interconnection Code” that is publicly regulated. Hence, installation of substation facility
(new installation, renovation, renewal, etc.) in accordance with installation scale is required.

-1.



If there is a facility that generates noise to the load, it needs to consider the impact on PV
system and its measure, so it has to understand the type and characteristics of the load system.

1.5 Type of PV System

The type of PV systems has been changed its system design by connection with a power
system and availability of reverse power flow.

Usually, “grid-connected PV system, without auto switching, with reverse power flow” is
selected.

If the load is always larger than PV system output, or there is excess power temporarily but no
reserve power flow case, “without reserve power flow” type can be selected.

In the case of a grid-connected PV system, in order to take cooperation with a PV system and a
power system, it is necessary to perform an appropriate measure follow the “Grid-interconnection
Code” in Japan. Technical requirements vary depending on the classification of interconnection
(receiving power type) with the power system, so it needs to consider after decision of receiving
power type. For disaster prevention, there is also the option of choosing “a grid-connected PV
system and auto-switching type”.

A stand-alone PV system can be employed in places where commercial distribution lines are not
installed, such as mountain areas and so forth.

As soon as a system type and necessary equipment are selected, it is better to contact
manufacturers to ask if they can supply items within a time frame or not.

1.6 Timing for the installation

If a subsidy applies to an installation plan, it is necessary to make it consistent with the schedule
of a subsidy for the reason of some restrictions on groundbreaking, completion time and so forth.
In ground-based installation, it needs to harmonize the schedule of land formation with other
schedule as well, thus prior information gathering and check are important. The construction
period of a system installation depends on the type and size of the system. In the case of a
system installation for 1MW type, estimated construction period is about six months as the
shortest from groundbreaking to starting operation. If it's a large-scale of PV system, the
construction period is needed according to the scale of the PV system. If rough weather
continues, the construction period is expected to be extended. Therefore, it is desirable to avoid
rain and snow seasons.

Furthermore, it is necessary to count a schedule backward in anticipation of a period of time for
required design, procurement of equipment, negotiation for interconnection, and procedures
pertaining to relevant laws and regulations before construction work starting. Hence, it requires
ample of studies in the planning stage.

1.7 Budget

The average unit cost of PV systems at 100kW and above is more than JPY730,000 / kW
according to the “Field Test Project on New Photovoltaic Power Generation Technology” (FY2006)
by NEDO in Japan. The cost varies depending on the installation location, the type and size of
the system. For the installation of ground-based PV system, land formation cost is needed on top
of the PV system cost, thus this cost has to be included in the budget. In addition, maintenance
cost, insurance premiums and operation costs after the installation must be considered.

In Japan, there is a public assistance system such as “Tax Credits” that is advantage of national
tax and local tax concessions, subsidies from the central government and local governments, also
“Loan and Debt Guarantees” that can get loans at low interest rates for equipment funds.
Additionally, it is necessary to take into consideration the trend of “Feed In Tariff’ scheme for
renewable energy.



2. Preliminary Survey
2.1 Environments of surrounding areas
@ Possible shade on PV arrays

It is necessary to check neighboring buildings, trees, mountains, chimneys, utility poles, steel
towers, and signboards for the influence of shade on the installation site. When a shadow is cast
on PV arrays, the output power will reduce and also a heating phenomenon called a “hot spot”
may occur due to the partial shade and it may cause of burnout. Therefore, PV arrays shall be
installed in a place having no shadow in principle. At the same time, it is desirable to conduct a
site survey through understanding of change in the surrounding environment such as tree growth,
new building, extensions and renovations to existing ones in the future. Further, the depositions
such as falling leaves, dust, volcanic ash, bird droppings, and oily smoke may cast shadows on
the PV array, thus it should check its possibility.

@ Snow condition

Knowing the amount of fallen snow is necessary for the study about frame height for the PV
array and the snow sliding angle. Thus it is required to check the amount of fallen snow in
advance by collecting data from the local meteorological agency. Also, it is better to check the
location of the snow disposal yard, and the ground condition where the snow is expected. The
information on the amount of fallen snow is a good reference for assumption of snow load (amount
of snowfall per day, maximum depth of snow cover) on structural calculation of PV array frame.

@ Possible damage by salt, lightening and others

If the site is expected to receive salt damage or corrosion, for example, located near a coast, in
a heavy industrial zone, or along a road having heavy traffic, it is necessary to check the
neighboring area for the states of salt damage, rust and corrosion. This information is needed for
design study for salinity tolerance and damage level of the bushing and insulator in a substation
facility. Also, it is an effective data for decision on the grade of the rust prevention and
corrosion-proof specification (e.g. Mass of the zinc deposit from hot dip galvanizing,
countermeasure against bimetallic corrosion) of the metallic portion of the PV array frame and
mainly the PV system.

Lightning is classified into indirect and direct lightning stroke. As a countermeasure for direct
lightning strike, if a lightning rod is installed in nearby area, it might be able to protect your PV
system, thus protection coverage has to be checked.

Regarding indirect lightning stroke, lightning arresters are installed in an array main circuit,
junction box, and distribution board as a countermeasure against lightning surges. However,
especially in a region that is frequently struck by lightning, a lightning protection transformer
should be installed in A/C power source to take more prudent measures, or installation of the
lightning rod is considered as one of the options, so it is better to check lightning strike data in the
installation area.

Wind velocity used for intensity calculation of PV frame is based on the value stated in JIS
(Japanese Industrial Standards). Blowing a stronger wind is considerable depending on the
installation point, so it is better to check wind condition surrounding area and geological formation
and so forth. In the case of ground-based installation, do not install in depressed places to avoid
damage by flood, thus the conditions of drainage and foundation (bearing power of ground) are
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required to check. Also, in the case of slope, it has to check the possibility of a landslide.
Therefore, potential installation site should be selected after a comprehensive identification of the
surrounding environment with collected data.

@ Installation site

As an installation site for ground-based installation, flat or slope lands can be considered. As
described previously, the points to be checked at the installation site are the surrounding
environment, drainage condition, ground condition, the necessity of land grading and so forth.
However, the check items that are difficult to identify at a glance such as a survey, bearing power
of ground and buried objects, checking existing data is necessary. In the study of the installation
scale and foundation practices, if necessary data is not available, a survey and a geotechnical
survey are implemented as needed.

Concerning the slope, implementing some work such as placement of a drainage pipe, piling
work, and modification of the slope gradient, if necessary. Since these constructions account for
a large portion of the total cost, it is important to implement sufficient research on the planned
installation site as well as review information data.

It is necessary to check the carry-in route of equipment and materials to the installation site.
Following concerns are also considered; sufficient space for construction vehicles, width and
bearing strength of roads to the installation site, and the presence and height of overhead
distribution lines. In addition, storage space for materials, work space, and obstacles that may
cause work difficulties should check too.

® Electric Equipment

The PV array is connected to peripheral devices, a distribution board, and substation facility for
use. When connecting with existing electric equipment, the present condition of electrical
equipment and securing installation space for new equipment will be an associated design
condition. Therefore, upon obtaining electrical connection diagrams of power system and
equipment layout plan of electric room to check receiving power type and equipment situation,
then consider system configuration, also simulate the necessity of the modification of the
substation facility, and installation location of new equipment. All these are to verify the
practicality at site survey.

Further, the wiring (piping) route and the carry-in route of equipment are necessary to check.

In addition, by obtaining the information about monthly power consumption, reverse power flow of
the PV system can be identified.

When a new substation facility is installed, in addition to the above-mentioned, the equipment
situation of the commercial power network has to be checked in advance. Also the
interconnection point, its method, and installation place of the substation facility have to be
studied.

2.2 Research on design conditions

When the introducing a PV system, it is necessary to implement research on each design
condition. It will design and construct based on each researched design condition. This
subsection introduces the necessary research method of a PV system design in Okinawa.



@ Reference wind velocity

Calculation of the wind pressure is stated in the 2" clause of Building Standards Act Article 87
using the formula as follows;

q=0.6EV,? (Formula 1.1.2-1)
Where q, E and V, are as follows;

: Velocity pressure [N/m2]

E : The numerical value calculated using a method stipulated by the Minister of Land,
Infrastructure, Transport and Tourism, reflecting the roof height of the building and its
surrounding environment, trees and others that give impact on the wind velocity.

V,: Wind velocity [m/s] determined by the Minister of Land, Infrastructure, Transport and Tourism,

is that the extent of wind damage based on the record of past typhoons in the district, and in

the range between 30m per second and 46m per second depending on the wind behavior.

Ko}

In relation to these figures, reference wind velocity (V,) that should be used in each prefecture,
is specified in No. 1454 Notice “The Calculation method of the figure E, and the stipulation of
wind force coefficients” issued by the Japanese Ministry of Construction in 2000. The
reference wind velocity in Okinawa is as follows;

Table1-1 Reference wind speed in Okinawa Prefecture
Construction sites Reference wind speed V, [m/s]
Okinawa Prefecture Whole area 46




@ Terrain category

Calculation of the figure E is stipulated in No. 1454 Notice “The calculation method of the figure
E, and the stipulation of wind force coefficients” issued by the Japanese Ministry of Construction in
2000, as follows;

E=Er’Gf (Formula 1.1.2-2)

In this formula, Er is the coefficient to show the distribution of height of the average wind velocity,
and Gf shows the gust response factor. Both are determined by terrain category and the height
of structures.

Table 1.1.2-2 shows a summary of terrain category. For example, if a PV planned site is
applicable to @ a site is in the city planning area, @ a site is not in the city area, @ the distance
from the PV site to the coastline is 500m and more, the terrain category of this PV planned site is
lll. However, typhoons often approach and pass off Okinawa Prefecture, thus from the viewpoint
of the measure against a strong wind, it is better to choose the level Il of the terrain category for
the design.

Table 1-2  Summary of terrain category
Terrain Category Remarkss
The area specified by the designated
administrative agency, is very flat

[ | without obstacles, and out of the city Coastal areas
planning area

The area is except terrain category |,
and out of the city planning area.
(Except building height is 13m and

below) Rural areas
I The area is except terrain category 1V, (Except building
the distance is within 500m to the height is 13 meters
coastline or shoreline, and within the and below.)
city planning area.
(Except building height is 13m and
below)
The area except terrain category |, I, or
V. General areas
o (Most of the
buildings are under
category Il1.)
The area specified by the designated
administrative agency, is remarkable
Iv | urbanization in the city planning area Urban areas

(Source: Sankyo Tateyama, Inc website)



@ Landscape area
In Okinawa Prefecture, “Okinawa landscape management policy’instituted in March 2004

stipulates landscape management policy, the summary of the landscape area system and so
forth. In order to promote conservation of the city environment, the land to be maintained is
designated as a landscape area. As for the contents of the regulation of the act in the area,
each local government can stipulate ordinances, complying with the standards of the cabinet
order according to the City Planning Act Article 58. In Okinawa Prefecture, following acts are
regulated in order to sustain and create the landscape area.

(a) New construction, renovation, expansion and relocation of the buildings and other
structures

(b) Residential land formation, land cultivation and alteration of the land shape

(c) Cutting of trees

(d) Collection of soils and stones

(e) Earth filling or reclamation of water area

(f) Change of structures’ color

(g) Deposition of soils, stones, waste or recyclable resources in the outdoors

Table 1-3 shows situation of designated landscape area in Okinawa Prefecture.

Table 1-3 Situation of designated landscape area in Okinawa Prefecture.
(As of 31 March 2009)

Prefecture Date of planming Designated areg *Dulication
. . with green
City of City anld Area and o ! Classification| Zomng* space
government | Mos of city | Nos ofarea Initial Final {ha) .
" cotiservation
cromance districts, ete.
Ciki . March-1956] 4 t-1960 Urhanized
MEWE b City  |Lake Man = e grof RS In s o
Prefecture area
. ) December-1961 i
Naha City  |Sueyoshi 67.6 Urbanized E,B.C
area
) : July-1963 Non-
Mago City Ootmiya 34 classi fieation E A
. . . July-1963 Mon-
M C ] 8.9 . .
20 Lty Hasmon classification
, July-1963 Maon-
M C K A% 29.8 . . E,C
agn Lty pHenmEts classification |
. . July-1963 Mon-
M C A 33 . .
2g0 Lty gae clasafication
UrumaCity |Mahara December-1977 June-1984 51 Hun— .
classi fication
Total 3 7 159.0
(Source: MLIT-City and Regional Development Bureau "Urban afforestation database™)
Zoning*

A: Category 1 residential districts

B: Category 2 residential districts

C: Quasi-residential districts

D: Category 1 medium-to-high rise exclusive residential districts
E: Category 1 low-rise exclusive residential districts
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2.3 Related laws and procedures

When introducing a PV power system, it is necessary to check related laws and take procedures.
Related laws and procedures required at the time of PV power system installation are described
as below.

2.3.1 Related acts on land use
Table 1.2.1-1 shows main related provisions of the land use relation statute relevant to PV
system installation.

@ City Planning Law

When considering the construction of buildings city planning laws are concerned with the
maintenance of the city area and proper development. Permission must be obtained and
following the established procedures will facilitate this.

® Civil Aeronautics Act

Any structures, plants or any other objects which protrude above the obstruction-limited surface,
shall not be installed, planted or left. However, “temporary structures”, “lightning arrester
equipment” or “objects that do not noticeably hinder the safety of aircraft in regard to topography or
relation to other existing objects” pertaining to a horizontal surface, conical surface and outer
horizontal surface which protrude above the obstruction-limited surface, are able to install when
permitted by the director of Osaka Regional Civil Aviation Bureau. (Civil Aeronautics Act Article 49,
and Article 56.3).

@ Act on Protection of Cultural Properties

Buried cultural properties are defined as 'cultural properties which are buried underground, and
the areas that contain buried cultural property are called 'buried cultural property sites'
(archaeological sites). In the Act on Protection of Cultural Properties, the procedures are
stipulated for the implementation of construction and civil engineering work on a 'well-known place
containing a buried cultural property', and the case of discovery of ruins after starting construction.

Table 1-4 Related provisions of the land use relation statute

Law Provision Title - Item
Article 29 Permission for Development Activities
City Planning Law Article 32 Consent of Public Facility Administrators, etc.
Article 35 Notice of Granting or Not Granting of Permission
Article 36 Inspection for Completion of Construction
Article 49 Restriction of Objects, etc.
Civil Aeronautics Act | Article 51 Obstacle Lights
Article 51.2 Obstacle Markings
Article 93 Report and instruction pertaining to excavation by civil
Act on Protection of engineering works
Cultural Properties Article 96 Report and cease-and-desist order pertaining to discovery
of ruins

(Source: NEDO “Manual for introduction of large-scale PV power system” preliminary version 2009)




@ The Act on Conservation of Endangered Species of Wild Fauna and Flora
The Act on Conservation of Endangered Species of Wild Fauna and Flora describes the

obligations of landowners, countermeasure method when discovery and so forth.

Table1-5 Related provisions of environment relation statute
Law Provision Title - Item
The Act on Conservation of Article 34 Obligations of landowners etc.
Endangered Species of Wild Article 37 Management area
Fauna and Flora Article 9 Prohibition against capture and transfer

(Source: NEDO “Manual for introduction of large-scale PV power system” preliminary version 2009)

2.3.2 Related acts on buildings
Table 1-6 shows main related provisions of the buildings relation statute relevant to PV system

installation.
Table 1-6  Main related provisions of the buildings relation statute
Classification Contents
Building Fire prevention It specifies fire prevention districts and quasi-fire prevention

location districts and quasi-fire | districts. Also, fire-proof buildings or quasi-fire-proof buildings are
prevention districts designated depending on the total floor space and number of
stories of the buildings, or roofing material (non-combustible
material) is specified in each district.

Designated areas In the districts designated by specific government agencies, it has
specified that roof shall be made or shingled by non-combustible
material.

Structures | Special buildings Special buildings specify as a fire-proof building or a

and quasi-fire-proof building depending on the floor configuration and

purpose of the floor area used for the purpose. Article 24 in the Building

buildings Standard Act stipulates that special buildings made from wood
shall be fireproof for portions of external walls, and behind the
eaves that will be in danger of spreading fire.

Large-scale wooden A wooden building that total area is 1,000m° and above, shall be

buildings fireproof for portion of external walls and behind the eaves that will
be in danger of spreading fire, thus roof shall be made or shingled
by non-combustible material.

Number of stories of It specifies fire resistance performance (fire resistance hour) by the

the buildings and fire portion of the number of floors, external walls, partition walls,

resistance pillars, floors, beams, and roof.

performance of part of

the building

Fire prevention It stipulates a fire prevention measure for an outer wall and an

measures for the opening as a part of the risk of spreading fire in the case of the

portion of the risk of distance of 3 meters or less on the 1* floor and 5 meters or less on

spread of fire the 2" floor and above from a road center line, on a boundary line
of adjacent land, or the center line of outer walls between more
than 2 neighboring buildings on the same site.

Structure of external It stipulates installation of fireproof walls, eaves or fire door to the

walls etc. contacting outer walls that contact with a floor or partition wall in the fire

with the fire retarding | retarding division, in order to prevent fire spread.

division

Structural | Structural strength In order to secure the safety against external force that acts on a
strength of | against wind pressure, | building, such as wind pressure, snow load, and seismic force, the
buildings snow load, seismic standards concerning the structural calculation of the main parts

force, etc.

such as an external wall, partition wall, pillar, beam, and roof, and
the binding method of strip roofing are stipulated.

(Source: NEDO “Manual for introduction of large-scale PV power system” preliminary version 2009)
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2.3.3 Electrical relation statute
Table 1-7 shows main related provisions of the electrical relation statute relevant to PV system

installation.

@ Electricity Business Act

The Article 50.2 in the Electricity Business Act stipulates that a person who installs Electric
Facilities for Business Use to be installed or modified according to the construction plan for which
notification was given pursuant to Article 48, paragraph 1, which are specified by an Ordinance of
the Ministry of Economy, Trade and Industry, shall conduct a self-inspection of the Electric
Facilities for Business Use before commencing the use thereof, record the inspection results, and
preserve such records.

Table 1-7 Main related provisions of the electrical relation statute relevant to
PV system installation

Law Provision Title - Item
Procedures | Construction Electricity Business Article 48 | Construction Plan
Plan Act
Regulations for Article 62 | Approval of Construction Plan
Enforcement of the Article 65 | Prior Notification of
Electricity Business Construction Plan
Act
Revision of Electricity Business Article 48 | Revision of Construction Plan
Construction Act
Plan
Chief Engineer | Electricity Business Article 43 | Chief Engineer
Act
Regulations for Article 52 | Appointment of Chief
Enforcement of the Engineer
Electricity Business
Act
Notification of | Electricity Business Article 53 | Commencement of Use of
Commenceme | Act Electric Facilities for Private
nt of Use Use
Regulations for Article 87 | Notification of
Enforcement of the Commencement of Use of
Electricity Business Electric Facilities for Private
Act Use
Pre-use Safety | Electricity Business Article 50.2 | Pre-use Safety Management
Management Act Inspection
Inspection Regulations for Article
Enforcement of the 73.2-2
Electricity Business
Act
Pre-use Electricity Business Article 49 | Pre-use Inspection
Inspection Act
Safety Electricity Business Article 42 | Safety Regulations
Regulations Act
Regulations for Article 50 | Safety Regulations
Enforcement of the
Electricity Business
Act
Installation | Definitions Electricity Business Article 2 Definitions
Act
Electricity Business Article 38 | Definition of Electric Facilities
Act
Regulations for Article 48 | Definition of Electric Facilities
Enforcement of the for General Use (Except Mega
Electricity Business Solar Power System)
Act
Enforcement Ordiance Article 1 Facilities exclude from Electric
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of Electricity Business Facilities
Act
Operation Order for Electricity Business Article 40 | Order for Conformity to
Conformity to | Act Technical Standards
Technical Article 56 | Order for Conformity to
Standards Technical Standards
Obligation to Electricity Business Article 57 | Obligation to Investigate
Investigate Act
Regulations for Article 96 | Investigation of Electric
Enforcement of the Facilities for General Use
Electricity Business (Except Mega Solar Power
Act System)
Maintenance Electricity Business Article 39 | Maintenance of Electric
of Electric Act Facilities for Business Use
Facilities
Penal Electricity Business Article 118 | Penal Provisions
Provisions Act Article 119 | Penal Provisions
Article 120 | Penal Provisions

(Source: NEDO “Manual for introduction of large-scale PV power system” preliminary version 2009)

@ Grid Interconnection Guideline

In Japan, when performing a grid interconnection, it is necessary to have a discussion about the
conditions of grid interconnection between the grid operator and the owner of a generation system.
As a necessary technical requirement for the grid interconnection, the following guideline was
stipulated on the 1% of October, 2004. The contents of the guideline below were defined in “the
Technical Guidelines for Grid Interconnection” before, but in order to be specific about the
interconnection of distribution generator in the Interpretation of Technical Standards for Electrical
Equipment, it has changed as below.

As a problem to be highlighted, “the Technical Guidelines for Grid Interconnection Concerning
Securing the Electric Power Quality” has legal force to the owner of generation system and a grid
operator.

mThe Technical Guidelines for Grid Interconnection Concerning Securing the Electric Power

Quality

It describes “ltems to be mentioned in terms of securing power quality among the items
concerning connection with distribution generator to the grid”.

The purposes are defined as follows;

» Adverse effects on other customers must be prevented (Electric power quality, power
factor, voltage, frequency, etc. electric supply reliability: power failure, etc.)

» Obstacle to the maintenance of the facilities for the grid operator and other consumers
must be prevented. (Maintenance staff, ensuring public safety, prevention of failure
extension, etc.)

In addition, the definition of the harmonics that was described in the Technical Guidelines for
Grid Interconnection, it is also stipulated in the “the Guideline of Harmonics Reduction for
Consumers who have High or Ultra-High Voltage Power Receiving Facilities” and
“Electromagnetic Compatibility (EMC) — Part 3-2: Limits for Harmonic Current Emissions
(equipment input current is 20A or lower per phase)”’ in JIS C 61000-3-2:2005. Thus, it was
removed from the technical guidelines for grid interconnection.
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2.3.4 Other Acts
Table 1-8 shows main related provisions of the other statutes relevant to PV system installation.

@ Fire Service Act

The Fire Service Act applies in a case of installation of facilities such as the NAS battery that
falls under hazardous materials in the fire service act. Also, the act applies for fire prevention
equipment such as a fire alarm for a building, and installation of the transforming facility such as
transformer, storage battery and so forth.

Table 1-8  Main related provisions of the fire service act relevant to PV system installation
Law Provision Documents
required
Procedures | Application for | Fire Service Act Article 11, Application form
completion paragraph 5 for completion
inspection Cabinet Order Article 8 inspection of
Concerning the Control storage facility
of Hazardous Materials (handling facility)
of hazardous
materials
Application for | Fire Service Act Article 11, Application form
installation paragraph 1 for installation
permission Regulations for the Article 4 permission of
Control of Hazardous storage facility
Materials (handling facility)
for hazardous
materials
The provisions | Fire Service Act Article 11 Authorization
of prevention Regulations for the Article 62 application for
Control of Hazardous establishment or
Materials change of
preventive
regulations
Appointment of | Fire Service Act Article 13 Notification for
a Hazardous Regulations for the Article 48.3 appointment of a
Materials Control of Hazardous hazardous
Security Materials materials security
Superintendent superintendent
Notification of Fire Service Act Article  17.14 | Notification of
commencement -15 Commencement
of work Enforcement Ordiance | Article 36.2, of Work including
of Fire Service Act paragraph1 the Facilities for
Construction
The application | Cabinet Order Article 19, Request form for
of the Special | Concerning the Control | paragraph 1 the Application of
Exception of Hazardous Materials the Special
Notification Regarding | No. 53 Exception
Hazardous Materials
Notification of Fire Prevention Article 44 Notification of
Transforming Ordinance Transforming
Facility Facility
Installation,
Commencement
of Operation

(Source: NEDO “Manual for introduction of large-scale PV power system” preliminary version 2009)
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@Bill on special measures concerning procurement of renewable energy sourced Electricity by
electric utilities

(the feed-in tariff scheme for renewable energy)

The feed-in tariff scheme for renewable energy is that electric utilities are obligated to purchase
the electricity generated from renewable energy sources such as PV, wind power, hydro power,
geothermal and biomass at fixed price and duration stipulated by the government, it started on the
1% of July 2012 in Japan. The electricity, generated from renewable energy and purchased by an
electric utility, supplied to customers through the grid, and the cost that the electric utility pays for
purchasing the electricity generated from renewable energy, is collected from the customers as a
part of the electricity bill in the form of a surcharge proportional to electricity consumption.

Regarding the purchasing price and duration, every fiscal year, the Minister of Economy, Trade
and Industry respects the opinion of the special committee for determination of tariffs and
durations and sets up a guideline stipulated by the category of renewable energy power
generation system, installation form and scale, prior to the commencement of the relevant fiscal
year. Approval of generation facilities, collection and adjustment of surcharge pertaining to the
purchase cost for electricity generated from renewable energy, the reason for rejection of contract
and grid-connection by the electric utilities are also stipulated in the feed-in tariff scheme.
Promoting increment of energy independence, countermeasures against global warming,
and industrial development by this scheme, and aiming that renewable energy will
support energy in Japan by cost saving and technical development.

Those engaged in the Sale of electricity produced

Power generation from renewable energy sources Electri Electricity supply
business using renewable €ctric
enerav sources UtI|ItV
Solar PV
Purchase of electricity at a fixed .
Small-scale price for a government Cpllectlon of sAuArcharge together
hydraulic power guaranteed period with the electricity charge
. _ S - Paymentforthe _ ,, Submission of the
purchase cost collected surcharge . I
Surcharge adjustment organization
(organization to collect and distribute Electricity
the surcharge) Customers
Gect)r;?é:‘nal Deciding tariffs and durations, respecting Decision of surcharge
the opinion of the special committee unit price per kWh
(every fiscal year) (every fiscal year)
[ Minister of Economy, ]
Those who generate power at home Trade and Industry

Approval of facilities
(Government confirms whether

o Opinion on tariffs and duration
the facility can generate

electricity stably and efficiently. Special committee for
The approval is canncelled when determination of tariffs and Government
the facility no longer satisfies the durations

requirements)

Figure 1-1 The Basic Mechanism of the Feed-in Tariff Scheme
(Source: METI “The Feed-in Tariff Scheme for Renewable Energy” as of July 2012)

Table 1-8 Purchase price and period of PV power generation (as of 2015)

Solar PV 10kW or more Less than 10kW Less than 10kw
(Comblned generation)

Purchase Period 20 years 10 years 10 years
*Less than 10kW is a purchase of excess electricity.
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Chapter 2 Plan and Design

1. Outline procedures for plan and design

As shown in Figure 2.1-1, procedures for planning and designing a grid-connected PV system
consist mainly of planning, outline design, basic design, and detailed design. In the first phase,
we define the basic concepts and purposes of introducing the system, select a site, and set up
the type and scale of the system. In the next outline design phase, we have prior discussions
with the concerned authorities and the power company and roughly plan PV system, electrical,
and building facilities to be introduced. In countries that employ a promotion scheme for PV
system (e.g. Feed-in tariff), it is necessary to ask the authorities concerned to show requirements
for applying the scheme. In the basic design phase, we design the system (electrical and
building facilities) according to a more concrete equipment layout plan and make basic design
drawings. In the detailed design phase, we design the facilities in more detail and make
drawings that allow equipment and material suppliers to make a quotation and construction plan.
In addition, we shall estimate generated energy by the PV system and rough project costs in
each step of the outline, basic, and detailed design phases in consideration of the schedule to
make a budget for the client and to make an application to the concerned authorities for
applicable incentive schemes.

— »>Draft Planning

«Confirmation on Basic concept
*Selection of Project site
*Project scaling

*Type of PV system
~ | Draft Plan |" v

» Site survey
*Surrounding conditions
*Project site

Planning | —= - v |\>/I.C.o?.sultati%n wiéhprelated
: - inistries and and Power
Phase ‘I > Outline Design |b Company . .
- v » Application for incentive
Outline - »Rough estimation of power generation and Project cost measures
- Design >Outline Design (if available)
%
__I »Environ mental and Social Considerations |
Vv
'—I »Examination on design conditions |
- »Basic design
Basic «Location of equipment

»Consultation with related
Ministries
and Power Company

Design = | *Direction and tilt angle of PV array
*Selection of Power Conditioner
*Balance of eauipment

- A% »Basic agreement of grid-
Desiani Det,all -| »Estimation of power generation and Project Cost IF— interconnection with Power
esigning B Design v Company
Phase ] - - »Quotation from
> Detail design manufacturers

*Design of PV array
*Foundation and frame design of PV array
Detail +Selection of Power Conditioner

*Balance of equipment

- Design

v » Official agreement of grid-
> Detail estimation of power generation and Project Cost interconnection with Power
»Finalization of Detail design Company
| »Final budgeting > Contract for tariff for PV system
»0O&M agreement (if necessary)
- » Application for related Ministries

| Procurement and Installation

(Source: JICA Senior Advisor)
Figure 2-1: Plan and design phase to introduce PV system
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2. Planning phase

2.1 Draft planning

@ The basic concept of introducing grid-connected PV system

The introduction of a grid-connected PV system requires the clear recognition of the basic
concepts and purposes, and the sharing them among the persons concerned, which makes it
possible to implement the plan smoothly. Note that costs of introducing such a system are
decreasing from year to year, but many countries face difficulty from an economical point of view
because the system price is still higher than costs for buying power from power companies.
Therefore, it is important to evaluate the effects of the introduction (environmental contributions,
robustness, etc.) except the economic efficiency and share the purposes suitable for each project
and the priority of them among the persons concerned.

The basic concepts mentioned above make it possible to select a suitable site and determine
requirements for designing equipment and materials including a PV array. For example, if priority
is given to the promotion of environmental friendliness or the improvement of a corporate image,
the PV array will be installed on the front face of a building even if the system capacity is a little
smaller because every public and visitor can see it. On the other hand, if it is required to
maximize the power of the PV system, the PV system will be installed in a place where many
people don’t necessarily gather, such as a large undeveloped area or the rooftop of a building.

@ Selection of project site

The selection of a project site has a significant effect on the operation and maintenance of the
grid-connected PV system, so it is an important issue that makes the project successful or not.
The experience of past projects in developing countries shows that necessary troubleshooting
against accident or fault can be taken smoothly if a power company is involved in the operation
and maintenance of the system. For example, if the power company has a power station or
substation that includes large vacant land, it is a priority site for installing the PV system. In
developing countries, we shall keep in mind measures against vandalism, such as stone throwing
and theft of PV modules and others. When selecting a site, we shall examine a security level in
the candidate area and post surveillance cameras and guards, if necessary. If the main purpose
is to raise public awareness of PV, it is recommended to install the PV system in a facility, such as
an airport or railroad station, because there are many passengers throughout the year.

Whether to install the PV array on the ground or on the rooftop of an existing or new building is
important in the selection of a project site. In general, the former makes it easy to keep a wide
area and to raise a promotion effect because everyone can see the array, but such a place may
be subject to vandalism. The latter requires an investigation of the structure of the roof, but
makes it possible to effectively use the vacant space in urban areas where the installation place
is limited.

@ Consideration on PV system output (scale)

If a grid-connected PV system is introduced as a disaster-proof or emergency system, the
necessary capacity of the PV system is derived from the total capacity of important loads to
which power should be supplied during a power outage. If the main purpose is a peak shift, we
can find the necessary capacity of the PV system by checking what percentage of the peak
demand should be reduced considering the contract power with the power company. As
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mentioned above, we shall determine the capacity of PV system in accordance with the
introduction concept, but there are other basic factors to determine it: (1) Budget or fund that can
be prepared, and (2) Installation space (area) that can be kept.

2.2 Site survey
@ Surrounding conditions
(a) Possible shade on PV arrays
When a shadow is cast on PV arrays, not only the output power reduces significantly but also
a heating phenomenon called a hot spot may occur due to the partial shade. Therefore, PV
cells shall be installed in a place having no shadow in principle and check it out during on-site
survey. Table 2.2-1 shows possible factors causing such a shade on PV arrays.

Table 2-1: Possible factors to generate shade on PV arrays

Natural Conditions Artificial Conditions
» Mountains and hills > Infrastructures (towers, poles, railroads, etc.)
» Slopes » Nearby buildings, Factories, Chimneys, Houses
» Trees (Future potential renovation shall be checked)
(Future growth shall be considered) » Building at the project site
> Falling leaves (Tower, facilities on the roof, etc.)
» Dust and volcanic ash

(Source: JICA Senior Advisor)

(b) Wind velocity
In Japan, to determine the mechanical strength of rack mount, wind pressure based on the
past maximum wind velocity is calculated and adjusted according to the environmental factor
and rack installation height. Therefore, it is recommended to know the wind conditions by
checking the geographical features and structures around the instillation site.

(c) Possible damage by salt and lightning

If the site is expected to receive salt damage or corrosion, for example, located near to a coast,
in a heavy industrial zone, or along a road having heavy traffic, it is necessary to check the
neighboring area for the states of salt damage, rust, and corrosion. The investigation results
are utilized in determining the rust- and corrosion-proof levels of the metal part of the system
including the rack.

Lightning is classified into two types: direct and indirect lightning strike. In the PV system, no
measures are normally taken against the direct lightning. To protect the equipment from
damage caused by indirect lightning, we aren't only installing a surge protective device (SPD)
but also need to consider the installation of additional protection devices, such as lightning
protection transformers and rods, in a region that is frequently struck by lightning. Therefore, it
is necessary to check the regional lightning data for the appropriate design of PV system.

(d) Snow condition (if any)
In a snowy region, the array shall be designed so that its slope is larger than the snow sliding
angle. If the array has the possibility of being covered completely with snow, it is necessary to
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increase the rack height to avoid being covered. Therefore, it is required to check the amount
of snowfall and the snow sliding angle in advance by collecting data from the meteorological
agency and making a survey in the area.

(e) Bird droppings
Bird droppings on the array surface cause a shade on PV arrays because they are hard to
dissolve in rainwater due to an oil content. It is recommended to check the neighboring
building roofs and ground for existing droppings from birds, such as pigeons, claws, and other
wild fowl, as well as for their amounts. In addition, the presence of trees or forests in the
surrounding area is investigated to judge the necessity of metal fittings to repel birds nearby.

(f) Transportation method and routes
To identify the carry-in route of the equipment and materials, it is necessary to check the width
and bearing strength of roads to the installation site as well as the presence and height of
overhead power distribution conductors and communication cables.

(g) Natural disaster
If the planned installation site is lower in elevation than the surrounding area, a torrential
downpour or typhoon might cause flooding the site due to bad drainage and immersing the PV
array in water due to a flooded neighboring river. Accordingly, those risks and past disasters
have to be considered in advance.

2.3 Consultation with related ministries and power company
@ Related Ministries

The grid-connected PV system should be considered as one of major electrical facilities. If its
size exceeds a certain limit, it is necessary to make a request for permission to the authorities
concerned in the same manner as conventional power stations or substations in accordance with
the regulations in each country. In Japan, the PV system is classified into two types according to
its capacity: one is electrical facilities for private use (50kW and above) and the other is general
electrical facilities (less than 50kW). According to this classification, it is required to follow legal
procedures shown by each local bureau under the jurisdiction of the Ministry of Economy, Trade
and Industry to submit a construction plan, to make a prior inspection, to select a chief electrical
engineer, and to show safety rules.

There is the case where a notice shall be sent to other than the authorities in charge of the
energy and power field. For example, most of developing countries require official application
and permission for environmental and social considerations. The installation in or adjacent to an
airport will need permission by the concerned aviation authority because sunlight reflected by the
PV array may disturb safe takeoff and landing of airplanes within a certain distance from and the
angle formed with the runway. In case of installation on an existing building, it is necessary to ask
the authorities in charge of building work about standards for installing heavy structures. For
example, it is required in Japan to submit of a building certificate or a request for constructing
structure if the height of the PV array exceeds a certain limit or if indoor activities are planned
under the PV array.

In countries with existing incentive schemes for PV systems, such as feed-in tariffs and
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subsidies, it is necessary to check procedures and schedules for using them before going to the
planning and design phases. Particularly in countries that employ a feed-in tariff system, the
latest information has to be confirmed because applicable tariffs and periods are often reviewed.

On the other hand, a PV system is defined as an electric facility for private use or for general
use under the Electricity Business Act. If a grid-connected PV system with low voltage less than
at 50kW, is specified as the electric facility for general use, thus it is not necessary to notify.
However, the electric facility for private use requires to go through the procedures depending on
the output capacity. That is to say, for the PV system with 50kW and over but less than 1,000kW
output requires to get an approval for non-appointment of an electric chief engineer, and for the PV
system with 1,000kW and above requires appointment of an electric chief engineer. In addition,
notification of the Safety Regulations is required.

®@ Power company

Connecting the PV system to the grid owned by a power company requires the satisfaction of
technical requirements specified in the grid-interconnection codes to prevent an adverse effect on
the quality and reliability of power supply. However, many developing countries have no
grid-interconnection codes, so it is necessary to develop codes suitable to the grid configuration of
each country according to existing examples made by developed countries including Japan in
cooperation with the authorities in charge of the power sector and the power company.
Subsection 2.4 will describe the Japanese Grid-Interconnection Codes in detail.

2.4 Technical requirements for grid-interconnection

@ Outline

The Japanese Grid-Interconnection Codes apply to all kinds of distributed generators, such as PV
systems, internal combustion engines for power generation, wind turbines, and fuel cells. The
codes specify the voltage levels of grids to which generators can be connected according to the
generator capacity. Generators rated at less than 50kW, 50 to less than 2,000kW, or not less
than 2,000kW can connect with a low-voltage (100/200V), medium-voltage (6.6kV), or
extra-high-voltage (22/33kV and above) distribution network respectively. In addition,
requirements for the power factor, protection coordination, and voltage regulation are defined with
or without the presence of a reverse power flow from the distributed generator to the grid, which
are shown in Table 2-2.
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Table 2-2: Outline of Japan’s grid-interconnection code

Measures for equipment

Parameter Vied : s " = ool
g e edium-voltage pot networ xtra-high-voltage
Low-voltage distribution line distribution line distribution line distribution line
1. Power Less than 50 kW in principle Less than 2,000 kW in Less than 10,000 kW _

principle

in principle

2. Electric system

Same as that of grid connected in principle

Common

Not less than 85% at receiving point and no leading power factor when viewed from the grid.

With reverse
3. Power

Not less than 80% when it is necessary to prevent voltage rise.
When small-output inverter is used or power factor at receiving point

The value at which grid
voltage can be kept
correct.

flow is proper, power factor is not less than 85% when generator’s
factor reactive power is controlled, and not less than 95% if not controlled.
Without Not less th_an 95% when the )
flow g'en'erator is connected to the grid —
reverse via inverter.
OVR and UVR (combination with the generator’s protection is possible)
OVGR (combination with the OVGR (combination with
generator’s protection is the generator’s protection
possible or it can be omitted is possible or it can be
under certain conditions) omitted under certain
Common conditions)

— DSR (for synchronous
can bo omied under carian | DSR (for synchronous Smited under cerain
conditions) generator) conditions) and current

differential relay (neutral
grounding system)
OFR (can be omitted in
dedicated line), UFR, and OFR (not affected by
With reverse OFR, UFR, and islanding operation | transfer trip system or voltage change) and UFR
fl detector (one or more passive and islanding operation detector — (not affected by voltage
ow active methods) (active method) (can be change) or transfer trip
omitted under certain system
conditions)
Inverter: RPR, UFR, and reverse
charge detection function or . . URR and RPR (can
islanding operation detector (one or RPR. (can be omltFed if be replaced by
more passive and active methods) ;iigme:nzoig;;irlwrqugggation network protector’s
‘ Wiout | Srenvoncssinducion gnerelo | detctorcam et ngn | rcion) Generatoris | OFF: U, and RPR
Protection | reverse flow (paséive meth%d;) UPR (can be speed) and UFR (can be certain period if detect and protect)
coordi- omitted if generatbr output < omitted if dedicated line and reverse power is
: . RPR enables high-speed )
nation on-site load), and RPR (can be detected in all

omitted if islanding operation
detector is fitted)

detection and protection)

circuits)

Installation of line voltage

flow exists).

Fault Installation (:1f|l?e voltage o detector at the feeder
prevention d_ete_ctor_ atthe eec?er panel o panel of distribution
when circuit — dlstlrlbutlon substatlpn (can be — substation (can be
h omitted under certain itted und Hain
is reclosed conditions) omltt.e. undader certal
conditions)

Introduction of automatic load control if interconnected conductors or transformer
Automatic may be overloaded when generator is disconnected.
load and Use of power generation
power _ gortﬂrct)I by ovs'arlo_ai:l ;

. etector in principle for
generation connection F\)/vith gxtra-high
control voltage line rated at not

less than 100 kV.
Reverse flow shall be
Power supply shall be prohibited prevented at a transformer
during power interruption and for bank of the distribution — —
Others giving time after recovery. substation (if reverse power

As a rule, the transformer shall be installed to prevent DC current flowing from inverter to grid (it can be omitted under certain

conditions).
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5.Voltage variation

The introduction of automatic
voltage adjustment if low-voltage
consumer’s voltage may be out of
regulation (101 £ 6 V and 202 + 20
V) (it can be omitted under certain
conditions). If it is difficult,
distribution line shall be reinforced.

Use of automatic load control
if the generator connects with
general distribution line and
when it is disconnected,
low-voltage consumer’s
voltage may be out of
regulation (101 + 6 V and 202
+ 20 V) (it can be omitted
under certain conditions). If it
is difficult, distribution line
shall be reinforced or
generator shall be connected
with dedicated line.

Use of automatic voltage
control if reverse flow may
cause low-voltage consumer’s
voltage to be out of regulation
(101 +6 V and 202 £ 20 V). If
it is difficult, distribution line
shall be reinforced or
generator shall be connected
with dedicated line.

Introduction of
automatic load control
if disconnection of
generator may cause
grid voltage to be out
of regulation (within 1
to 2% of normal
voltage).

Introduction of automatic
voltage control if
interconnection with
generator may cause grid
voltage to be out of
regulation (within 1 to 2%
of normal voltage).

Synchronous generator: Use of amortisseur winding and automatic synchronizing function.
Inductive generator: Use of current-limiting reactor if instantaneous voltage drop at parallel connection may cause the grid
voltage to be out of regulation (within 10% of normal voltage in low voltage, high voltage, and spot network; within +2% in

extra-high voltage). If it is difficult, synchronous generator is employed.

Self-excited inverter: Use of automatic synchronizing function.
Separately excited inverter: If instantaneous voltage drop at parallel connection may cause grid voltage to be out of
regulation (within 10% of normal voltage in low voltage, high voltage, and spot network; within 2% in extra-high voltage),
self-excited type shall be used (in case of low-voltage distribution line, necessary reinforcement shall be considered).

6. Short-circuit capacity

Installation of current-limiting
reactor (for AC generator)

Installation of current-limiting reactor

7. Liaison system

Installation of dedicated
telephone line for safety and
security communication
between grid operator’s office
or power station and the
owner of generation system

Installation of dedicated telephone line for safety
and security communication between grid
operator’s office or power station and the owner of

generation system

8. Meeting

The owner of generation system and grid operator shall have sincere talks about interconnection.

(Source: Grid-interconnection Code in Japan: JEAC 9701)

(Remarks) OVR: Over Voltage Relay, UVR: Under Voltage Relay, OVGR: Over Voltage Ground Relay, DSR: Directional Short

circuit Relay, OFR: Over Frequency Relay, UFR: Under Frequency Relay, RPR: Reverse Power Relay

Adverse effects on other customers must be prevented by securing the reliability of power
supply (preventing the expansion of the interrupted area in case of a fault by protection

coordination) and by securing power quality (voltage, frequency, harmonics, etc.).

In case of Japan, already various distributed generators have been added to the grid of power
companies, especially generators which utilize renewable energies (PV, wind power, etc.),

reflecting the growing consciousness on global environmental issues.

In this situation, it is

gradually becoming difficult for power companies to keep “the quality of power supply” as shown

on Table 2-3.
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Table 2-3: Requirements for power supply quality in Japan

Parameter Specification

Normal voltage variation
(low voltage)
Instantaneous voltage

101 £ 6 V and 202 + 20 V (Ordinance for Enforcement of Electricity
Business Act, Article 44)
10% (Technical Guidelines for Grid Interconnection)

drop
. +0.1 to 0.3 Hz (different code of practices by electric power
Frequency variation .
companies)
* 6.6kV distribution line: Total voltage distortion factor of 5%
Harmonics + Extra-high-voltage line: Total voltage distortion factor of 3%

(Harmonics Suppression Guidelines)

AV10 = 0.45 V (Recent Trends in Arc Furnaces for Steel Production
Flicker (low voltage) and Power Supply, No. 72 Technical Report (Part 2), The Institute of
Electrical Engineers of Japan)

(Source: Standards and Codes in Japan)
In addition, safety of general public and operators for power company must be secured. Adverse
effects on power supply facilities and the facilities of other customers must be prevented
(prevention of islanding operation and reversed charge).

@ Electrical mode and power factor

(a) Electrical mode
The electrical mode of generating facilities must be the same as that of the grid connected. For
example, if the grid connected is three-phase three-wire type, the generating facilities must be also
three-phase three-wire type. This is because the voltage and current imbalance may be caused by
possible phase imbalance.

(b) Power factor
When there is no reverse power flow, power factor at power receiving point should be 85% or
higher, in principle, in order to alleviate voltage drop. Leading power factor against the grid is not
allowed. Power factor is calculated as a formula of real power divided by apparent power. Power
factor against the grid means real power coming to the load is positive, and power factor against
the generating facilities means real power coming out to the grid is positive.

® Voltage deviation
What happens if voltage is not properly kept within regulated range? Following malfunctions are
expected;
> If the voltage higher than proper level continues, the lifetime and insulation of various
equipment including home appliances are negatively damaged.
> On the other hand, if the lower voltage continues, performance of equipment might be
lowered or discontinued.
> Instantaneous voltage drops may cause the loss of data in memories of PC, etc.

In case of Japan, quite a few numbers of small-scale residential PV systems are expected to be
interconnected with low-voltage distribution lines in the near future. In order to avoid the voltage
deviation, several measures will have to be taken. It is possible to adopt thicker conductors or
bigger distribution transformers to up-grade distribution lines. However, those measures will be
the last-resort as it will raise the total cost. Another method is to restrict power output during the
period large amount of excess power is forecasted, such as Golden-Week (long public holiday in
April and May) in Japan. But this means some part of real power output from PV system is not
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fully utilized. Also the customer with restricted PV output may claim that it is not fair to control
his/her PV system because PV systems for other customers are still interconnected. In order to
avoid such a situation, another solution is to control power factor or reactive power from the PV
system. The followings are the detailed explanation of this method.

Figure 2-2 shows the example of the power system. The figure shows the voltage is kept within
the proper regulation range both in case of light load and heavy load.

The distribution line voltage is regulated within the proper range by the tap of transformer in a
distribution substation, for both light load and heavy load.

Distributing
substation

Voltage

Proper voltage
range
Light load (low-voltage
\ conversion)
Heavy load

Distance from substation

Figure 2-2: Before installing a grid-connected PV system
Figure 2-3 shows the voltage after installing a Grid-connected PV system. It shows if there is

reverse power flow from the distributed generators to the grid, the grid voltage rises and may go
beyond the proper voltage range at the light load condition.

= = & @ (@ =

Distributing
substation

L}

Grid-connected PV
Voltage deviation

—_— 4
Voltage
\ Hontload Proper voltage
range
(low-voltage
conversion)

heavy load

Distance from substation

Figure 2-3: After installing a grid-connected PV system
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Figure 2-4 shows the sample measure to suppress the voltage rise by a controlling power factor of
distributed generators interconnected with the grid. If the power factor of a distributed generator
is 1.0, deviation from proper voltage occurs. However, proper voltage can be kept by a
controlling power factor of a distributed generator, as the power factor is shifted from 1.0 to 0.95

controllin
proper voltage < _— ¢ |S3wer factor

110 ——

(leading power factor against the grid).

Proper voltage
range (low-voltage
conversion)

Distance from substation

Figure 2-4: Suppression of voltage rise by controlling power factor

@ Frequency fluctuation
What happens if the frequency is not properly kept within regulated range? Following
malfunctions are expected;

» Fluctuation of frequency results in the irregular motor rotation, which negatively affects
manufactured products in assembly lines.

» Large fluctuation of frequency may generate resonance at rotating parts such as turbines
of generators, which affects the lifetime of machinery.

» As the case may be, some generators cannot be synchronized as the stability of power
system goes down. These generators will drop out from the synchronous operation of the
power system. It brings about a further frequency drop, which causes the chain of drop out
of generators and the whole grid may be stopped in the worst case scenario.

In general, the frequency of the power system is regulated by Governor Free operation of
generators, Load Frequency Control (LFC), and Economic Load Dispatching control (EDC) in
accordance with period of frequency fluctuation. However, the output of PV system changes
rapidly depending on the weather conditions.
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(Source: The Federation of Electric Power Company of Japan)

Figure 2-5: Fluctuation of PV system output

Therefore, in Japan and many European countries, appropriate technologies to control and
regulate frequency is now under development and gradually deployed at sites. For example, the
following measures are introduced.

>

Introduction of variable-speed pumped-storage power station

This system controls the rotation speed of the generator to change the pump turbine’s
velocity, resulting in changes in the pumping discharge. Therefore, it can precisely adjust
the input power according to demand on the grid side even during pumping operation.
Introduction of storage batteries

As shown in Figure 2.2-5, the fluctuation of combined output to the grid side can be
suppressed by introducing AC/DC converters and storage batteries.

As a measure for increasing the amount of grid-interconnection of wind power, a request
for interconnection based on the scheduled disconnection/output restriction method, in
which disconnection or output restriction is done while the frequency regulation becomes
difficult due to the light load condition.

In the future, we will need the method of estimating or grasping the output power of PV systems
in accordance with weather forecasts, therefore, laboratories are now collecting PV output data.
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Figure 2-6: Suppression of output fluctuation by using storage battery

® Harmonics

Harmonics are frequencies that have integral multiples of the fundamental frequency (50 Hz or
60 Hz). The inverter in the power conditioning system (PCS) has non-linear devices that
generate harmonics. Therefore, we shall reduce their amplitude to levels regulated under
concerned authorities and power company. Japan defines “Environmentally Targeted Levels of
Harmonics,” which show that the total voltage distortion factor shall be not more than 5% and 3%
in 6.6kV distribution and extra-high-voltage transmission/distribution lines respectively. As a
result, it is necessary to reduce the total current distortion factor of the PCS (harmonic generator)
to less than 5% and the current distortion factor in each order to less than 3%. When selecting a
PCS, we shall check whether it meets these requirements.

® Protection coordination
When operating the grid-connected PV system, we shall detect any problem in the
transmission/distribution line or PV system within a given period of time and stop the PCS to keep
the grid safe. Japan, therefore, develops technical standards for electric facilities to define the
obligation to install necessary protection devices (e.g. Protection relays and islanding prevention
function). These protection devices are typically built in the PCS.
The basic concept of protection coordination to eliminate fault and minimize the area of power
interruption is explained as below.
» Disconnect generating facilities with malfunction or fault to localize the affected area.
» Disconnect generating facilities when short-circuit or ground fault occurs at the grid.
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» Disconnect generating facilities for power interruption caused by transmission line faults,

etc. to prevent any islanding operation.
» Generating facilities are in a disconnected state at the time of grid reclosing.
» Avoid disconnection for a fault other than the grid connected by generating facilities.
» Keep operation or recover automatically from a momentary voltage drop of the grid.

The Japanese Grid-Interconnection Codes not only require protection from the following events
but also define more detailed protection requirements in accordance with the voltage levels of

grids to be connected and with or without the presence of a reverse power flow.

Itis

recommended to have talks with the power company before selection of the type of protection
relays to be actually installed and settings according to the country-specific grid configuration and
grounding method.

Table 2-4: Basic sets of protection relays and scope of protection

. Faults to be Example of setting range
Symbol Protection prevented Detection level Detection time
—— 5 —
OCR-H Overcurrent Short cnr.cwt on | 70% of minimum fault current of Instantaneously
premises power receiving bus bar
The Ieve! at which no Coordinated time setting
. malfunction occurs due to
Grounding Ground fault on , of ground-fault relay at the
OCGR . transformer’s rush current or ) X X
overcurrent premises . . ) installation site and
on-site equipment’s charge P, .
distribution substation
current
Groundin Ground fault on Equal to or less than level set in| Allowable time based on
OVGR overvoltage rid side ground detection relay (OVGR)| Type B grounding
9 9 in distribution substation resistance of the grid
OVR Over voltage Generat.or 110 to 120% 0.5 to 2 seconds
malfunction
Generator
UVR Under voltage néa!functlon, 80 to 90% 0.5 to 2 seconds
rid power
interruption
Grid under
Under frequency, 48.5t049.5 Hz
UFR frequency Islanding /58.2 to 59.4 Hz 0.5t0 2 seconds
operation
Grid over
frequency, 50.5t0 51.5 Hz
OFR Over frequency Islanding /60.6 to 61.8 Hz 0.5 to 2 seconds
operation
Voltage phase . 5 .
-§ % » |iump detection Phase change: £3 to +10 Within 0.5 seconds
S © Frequency Frequency change: 0.1 to o
[ o
2 change rate +0.3% Within 0.5 seconds
s [P 0
2’ Frequency shift . Frgquency bias: Several % of 0.5 to 1 seconds
o Islanding rating
® Active  power operation Active power: Several % of
Q 0 change detection operating power 0.5t0 1 seconds
o = H i . 0,
> 5 | Reactive power Reactlye power: Several % of 0.5 to 1 seconds
£ < | change operating power
Téu Inserted resistance: Several %
® Load change of rated power 0.5 to 1 seconds
Insertion time: Within 1 cycle

(Source: Grid-interconnection Code in Japan: JEAC 9701)
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(Source: Grid-interconnection Code in Japan: JEAC 9701)

(Remark: with the reverse power flow, two or more prevention measures for islanding operation, without line

voltage detector)
Figure 2-7: Sample protection scheme for interconnection with medium-voltage grid
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2.5 Rough estimation of power generation and project cost
@D Rough estimation of required area

If the installation site of the PV array is limited or the PV array output is required to meet a
certain level, it is significant to know the relationship between the output and installation area.
Sunlight has the energy of 1kW/m? after it reaches the ground through the space and atmosphere.
The PV cell can provide an electrical power of 0.13kW = 1kW x 0.13 because the conversion
efficiency of crystalline silicon cells is about 13%. This means that a power of 1kW requires an
area of about 7.7m?.  The thin-film type can supply a power of 0.08kW = 1kW x 0.08 because the
conversion efficiency is about 8%. In this case, a power of 1kW requires an area of about 12.5m?.
In the actual installation, a power of 1kW requires an area of 10-15m? in consideration of the
maintenance space between PV arrays. The following shows convenient rules of thumb for the
calculation above.

Rule of thumb
>  Multiplying the PV array output (kW) by 10 gives the necessary PV array area (m?).
> Dividing the PV array area (m?) by 10 gives the PV array output (kW).

Note that using the thin-film type whose conversion efficiency is lower than the crystal type
requires the larger installation area.

@ Rough estimation of power generation

In the grid-connected PV system, after concretely defining the parameters, such as the capacity
and tilt angle of the PV array, and the solar irradiance and temperature of the installation site, we
can find the output power with simulation software (see Section 2.3(10)). In the outline design
phase, it is recommended to know how to roughly estimate it.

Ep=Pas * Ha - K - 365days

Where Ep = Expected annual energy (kWh/year)
Ha = Daily irradiation on yearly average (kWh/m?/day) at the installation site
K = Total design factor (0.65 to 0.8 or about 0.7 in average)

If a 10kW system, for example, is installed in Tokyo with the array having an optimal tilt angle and
pointing south, then the annual electric energy is given as follows:
10 (kW) x 3.92 (kWh/m2-day) x 0.7 x 365 (days) = 10,016 (kWh/year)

The above shows that it is helpful to keep in mind “multiplying the rated power (kW) of a PV cell by
about 1,000 gives the annual energy (kWh).” Note that this factor (1,000 times) varies depending
on the weather and installation conditions, so we shall define it country by country and region by
region.

@ Rough estimation of project cost
In the detailed design phase, the installation cost of the PV system will be calculated while taking

account of the method of mounting the PV array (on the ground or rooftop), the grid voltage, and
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other BOS (Balance of System) such as storage batteries. In addition, it is helpful to roughly
estimate the cost from past similar projects. In Japan, many grid-connected PV systems have
already been installed. Table 2.2-5 shows the average installation costs in reference to the past
projects.

Table 2-5: Average total cost of grid-connected PV system in Japan

System Size System Cost per kW
10 kW 3,650 US$ / kW
10 ~ 50 kW 3,295 US$ / kW
50 ~ 500 kW 2,895US$ / kW
500~1,000 kW 2,625 US$ / kW

(Remark) 112JPY = 1 US$ (Feb. 2016)

(Source: Ministry of Economy Trade and Industry, MET]I)
Note that the costs above do not include expenses for installing other than the standard system,
such as roof waterproofing work, foundation work, batteries, and data measurement units.
It is desired that every country that has a plan for installing a grid-connected PV system collects
costs for past projects and keep them as a database, which will make it easy to estimate project
costs based on the country-specific circumstances.

@ Scheduling and budgeting

When taking advantage of an incentive scheme for grid-connected PV systems, it is necessary to
match the PV system installation schedule with the execution schedule of the applicable incentive
scheme and collect information beforehand. If placing a separate order for the building
construction and PV system installation work, we shall coordinate both schedules. This process
may hinder the progress, for example, a delay in the construction work makes it difficult to install
the PV system or the too early construction work requires temporary measures until the installation
work starts. Accordingly, close coordination between both schedules is necessary. After
determining the project schedule, we shall draw up a budget plan in consideration of profits (e.g. a
reduction in the electricity bill and subsidies from the incentive scheme) derived from the estimated
cost and PV output power.

® Environmental and social considerations

The impact of grid-connected PV systems on the environment is classified roughly into two types:
one is an impact during construction and the other is an impact during operation after installation.
Both impacts need to be considered according to the project site and surrounding environment.
Table 2.2-6 lists general impacts to be investigated. A large-scale mega-solar project requires a
large installation area, which inevitably has various and profound impacts on the environment.
Accordingly, it is necessary to investigate them and take countermeasures in advance.
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Table 2-6 Expected Items for Environmental and Social Considerations

Stage Origins of negative impact Items to be considered

Operation of construction machinery Dust, noise, vibration, toxic substances.

Traffic of heavy vehicle (construction Same as above. It is important to

machinery and transportation vehicle) examine the route and volume of
transportation in advance. Specific road
conditions (jam, paved or unpaved) shall
be checked.

Preparation and development works for | Construction waste such as excavated

Installation land soil, concrete, sludge.

Clearing bushes and trees Especially when the land is within or near
national park or conservation area.

Temporary facilities (road, stockyard for | Location and area shall be checked.

equipment)

Flying up dust and sand by wind Water sprinkling can be considered if
necessary.

Rainwater drainage Catchment area, land excavation, and
precipitation shall be checked.

Glare caused by reflection of PV array Especially important where airport and
residential areas are located nearby.

Electrical equipment (PCS, Unexpected noise, vibration,

Operation transformers, etc.) electro-magnetic wave, etc.

Land usage and landscape Especially when the land is within or near
national park or conservation area.

Lighting facilities Too much lighting may disturb local
residents.

(Source: JICA Senior Advisor)
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3.

System Design

3.1 Estimation of solar irradiation and power generation

(DEstimation method of solar irradiation

In order to estimate the solar irradiation on an inclined surface, METPV-3 that is the standard
meteorological data, and the software bundled with MONSOLAROS5 (801) that is provided by
NEDO were commonly used. However, the solar irradiance on inclined surface is found
based on no objects in front of the PV array, but when a group of the PV array is installed next
to each other like a large-scale power plant, it was clarified that is necessary to compute solar
irradiation in consideration of the impact by a front PV array. A calculation method of solar
irradiation in consideration of affection by a front PV array is shown as follows. However, it is
important to consider PV array arrangement that is not to be affected by a front PV array
basically.

(a) A calculation method of solar irradiation in consideration of the impact by a front PV
array

Figure 2-8 shows PV array arrangement example in a large-scale PV power plant. Each
solar radiation of a backward PV array (on the right side in the figure) decreases compared
with a front PV array due to impact by a front array. In consideration of this point, when
reflecting the impact of the front array in solar radiation calculation, the solar radiation in
each string (PV string comprising an arbitrary number of series-connected modules is
modeled./it's two or more wire connection of the PV module to the transverse direction) can
be formulated as a formula 2-1,

Direct radiation Diffuse radiation

strings

Albed
radiation

Figure 2-6 PV array arrangement texample

Ii=Inpcos ¢ +1Is

1+cos (29+vi) ]I Tpf[#] « + « Fomula 2-1

Ii:

Solar irradiance on inclined surface of the string of i row, Inp : Direct irradiance, Iur : Global irradiance,

Is : Diffuse irradiance, ¢ : The angle formed by a line perpendicular to the inclined surface and solar altitude,

: PV array's tilt angle, v i : The topmost angle of elevation of a front array seen from the string of i row,

Reflectance of the ground, ¢ : Incidence rate of reflected light

The first term in formula 2-1 shows direct radiation. Since the brightness of diffuse radiation
(quasi-direct radiation) around the Sun is strong compared with the diffuse radiation of other
area in the sky, this diffuse radiation is considered as direct radiation and it is included in the first
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term of the formula to calculate. The second term is diffuse radiation, and yi shows change of
the sky area impact by the front array. The third term shows albedo radiation, and it is
identified that has no effect if albedo radiation is considered as zero, according to the power
generation record at Wakkanai site.

The calculation methods of each radiation show as follows.

i) Direct and quasi-direct radiation

Direct and quasi-direct radiation may have shade on a part of the surface on PV array
depending on the solar altitude and its direction (figure 2-9). In order to reflect the shade
impact on the incline, the length of the hypotenuse of PV array is set to 1, and the length of
shade when direct or quasi-direct radiation comes in, is given by the formula 2-2.

CF)—Sh X cosA+cos 0 - +» + Fomula 2-2

L=sin 6 X
The distance between each PV array (space between PV arrays) is set as Sp, the ratio that
direct or quasi-direct radiation hits a backward PV array, can be given by Sp/L.
In the calculation, when a shadow falls on a part of a string, the string is considered not to
generate, and when a module number of stages (module rows) is set as R, direct and
quasi-direct radiation at incline that is calculated without considering the impact of a front
array, are multiplied by coefficient which integer number of Sp/L x R is divided by R, to
calculate solar irradiation in consideration of the front array.

The length of
hypotenuse of
PV array=1

L (length of shade)
Sp (Distance between PV arrays)

Figure 2-9 Shadowing effect by a front PV array in direct and quasi-direct radiation

(b) Diffuse radiation
Diffuse radiation is calculated at the second term in the formula 2-1. Formula 2-3 is when
the ascending vertical angle which looked at the topmost part of the front array from the string
of N row from the top of the array, is set to yN, and the module row is set to R, the distance
between arrays is set to Sp, and the array ascending vertical angle is set to 6.

N sin 0

yN=tan ! R « + +« Fomula 2-3

Sp— %cos 0

Ascending vertical angle is given by this formula, and then calculate diffuse irradiance.
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Calculation of solar irradiation in Japan, it is possible to figure out a total irradiance and
optimal tilt angle in a large-scale PV power plant utilizing METPV-3 data compiled by Japan
Weather Association in the NEDO project “Research and Development of common
fundamental technology for photovoltaic power generation system - survey on
improvement of geographical breakdown function of the standard data” (FY2003 — 2005),
and also based on above-mentioned method.

@Expected power generation
When solar irradiation is calculated by the methods shown in the previous clauses, the annual
energy production at DC terminal is denoted by the following formula. (Solar irradiance under
the normal condition is at 1 [kW/m2])
Annual energy production at DC terminal [kWh]=
System rated output [kW] x Solar irradiation[kWh/m2/day] x 365days xTotal design factor (k)
¢ Total design factor (k) : Approx. 0.65~0.8

The annual energy production at the AC terminal is computed by multiplying the annual energy
production at a DC terminal by PCS conversion efficiency, but PCS conversion efficiency changes
with outputs. In order to compute the annual energy production at AC terminal accurately, the
solar irradiation per hour is calculated, and the energy production at DC terminal computed
using this data is multiplied by PCS conversion efficiency. In addition, the loss rate of PCS
conversion efficiency can be denoted the loss to an input by second polynomial, so it is easy
to calculate the annual energy production at AC terminal.

Loss rate conversion formula (example)
y =-0.005087 x 2 + 0.062407 x + 0.012398
the mean squared error:0.983733 (x = input/ rated: y = loss/ rated)

Also, when solar irradiation is measured by location surveying, survey data is converted into
direct irradiance, quasi-direct irradiance, and full diffuse radiation, and the accurate
calculation can be figured out by calculating hourly basis solar irradiation on a PV panel by the
above-mentioned formulas.
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3.2 Selection of the tilt angle and the azimuth

Dstudy on the optimal tilt angle that the annual maximum energy production can be
obtained

The optimal angle of PV rack by a power generation simulation, in consideration of the
influence by a front array, the optimal tilt angle will be different between the installation of a
single PV array and the installation of plural PV arrays in a large-scale PV generation power
plant.

The composite value of direct solar radiation, diffuse solar radiation and albedo radiation is
the maximum angle as the optimal tilt angle in a single PV array installation. On the other
hand, when plural PV arrays are installed like a large-scale PV power plant, the solar radiation
on an inclined surface will decrease due to the influence by a front array, compared with a
single array installation as the same angle. Therefore, if setting the optimal tilt angle in
consideration of the influence, tilt angle will become small compared with the single array
installation. In addition, the influence by the front array can be minimized by widening a
distance between arrays. However, it is necessary to make a detailed study in consideration
of available land area and land shape at the planned site when taking a layout into
consideration. The case example of Kume Island studied on the selection of the optimal tilt
angle is shown below.

mOptimal tilt angle
The result of the optimal tilt angle in Kume Island calculated from “Data map of national solar
radiation average value (MONSOLAROS5) by New Energy and Industrial Technology Development
Organization (NEDO) is shown below. According to the graph, the optimal tilt angle is at 16.8°
Point name : Kume Island (Okinawa fref)
| The graph of optimal tilt angle Latitude: 26° 20.0° N

Longitude : 126° 48.0' E
Altitude: 4m

Optimal tilt angle (° )

Date and time
(Month - Season)

JBUIM
bundg

obeliany
Jawwng
Jswwng
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mCorrelation between the tilt angle and solar irradiance
Using the “standard meteorological, solar radiation data (METPV-3)” by NEDO to calculate solar
irradiation and the difference of solar irradiation in Kume Island between the tilt angle at 5°, and
optimal tilt angle at 16.8°=17° is compared. From the graph below, average solar irradiation on
the tilt angle at 5° decreases about 2% compared with the optimal tilt angle at 17°.

Unit: kWh/m?%/day
Month 1 2 3 4 5 6 7 8 9 10 | M 12 | Average

5° 211 | 242 | 324 | 3.97 | 461 | 495 | 6.21 57| 494 | 397 | 281 | 214 3.92

17° 23| 257 | 336 | 3.98 | 451 | 476 | 6.02 | 568 | 511 | 429 | 3.1 | 239 4.01

Irradiation on Kume Island

o 5°
L m17°

Irradiation (kWh/m?%day)
N w S o [=>} ~

o =

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

@Azimuth

The azimuth of the PV array is an important factor for effective utilization of solar energy. In order
to maximize of power production by the PV array, the azimuth of the PV array should be facing to
the south in the Northern Hemisphere and facing to the north in the Southern Hemisphere in
principal. However, as shown in the figure 2-9, even if the azimuth of the PV array is at 60° in a
case of the tilt angle at 30° in Tokyo, the annual energy production drops about 8% only, hence it is
possible to install.

Azimuth 0°(South)
Azimuth £30°

Azimuth +60°

Azimuth =*90°(East,west)

\ auljoul 8y} uo uolrelpell jo ajbue ue

90®JINS pauljoul uoneIpe.ll fejos [ewndo

(Horizontal) the tilt angle (Degree) (Vertical)

Figure2-10 Correlation between solar irradiance on inclined surface and the tilt angle in Tokyo
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The case study in Kume Island for the azimuth selection is shown below.

m Correlation between tilt angle, azimuth and solar irradiance
The difference of solar irradiation in Kume Island is compared between two cases: one is the tilt
angle at 5° and the azimuth in the due south and the southwest, another case is the optimal tilt
angle at 16.8°=17° and the same azimuth condition as the tilt angle at 5° by using the
“standard meteorological, solar radiation data (METPV-3)” provided by NEDO to calculate solar
irradiation. From the graph below, average solar irradiation on the tilt angle at 5° and the
azimuth in the southwest decreases about 2.5% compared with the optimal tilt angle at 17° and
the azimuth in the due south.

17° 5°
Due south 4.01 3.92
(Azimuth: 90°) (100%) (98.0%)
Southwest 3.93 3.90
(Azimuth: 135°) (98.0%) (97.5%)

Simulation of solar Irradiation
— Azimuth angle are due south and west, setting angle is at 17 degrees —

per day)

~

m] 5°(Due south)
- [ 17°(Due west)

w 1 O

Average Irradiation (kWh/m2 .

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

mResult of the study
Above correlation between tilt angle, azimuth and solar irradiance, the tilt angle in Kume
Island recommends at 5°. In a large-scale PV power system, it is possible to make narrow
space between PV arrays when the tilt angle sets at 5°. Hence overall about 20% of required
area can be cut down. Since the wind load is reduced, so the strength of a frame and the
amount of concrete for the foundation can be reduced.

When the tilt angle sets at 5°, the annual energy production drops about 2% (It's the same
situation as when the energy production is tremendously dropped for a week due to typhoon).
However, as mentioned above, since the cost of civil engineering works is low, the tilt angle of
the PV panel is set at 5° in the proven large-scale PV power systems (e.g. Mega solar system
in Miyako Island, Abu mega solar system in Okinawa main island) in Okinawa.
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3.3Installation plan for PV array
Installation plan for the ground type describes as follows.

@ APV array is installed on the specific place that is positioned in a layout plan of the entire
facilities in the premises or a flow planning. Although there are some the restrictions, it
should attempt to install the PV array faced in the south that maximum solar irradiation can
be received and also set the optimal tilt angle to obtain annual maximum energy production.

@ Itis important to select the installation place that does not have impact by the shade. Hence,
it needs to pay attention to the surrounding area such as buildings, structures, trees, etc. to
select the installation site.

® When two or more PV arrays are installed, it is necessary to consider the offset distance
between PV arrays. The shadow length of the PV array varies depending on the latitude of
the installation site, season and time. But it is desirable to make the installation plan that the
PV array is not exposed to the longest shadow that appears between 9am to 3pm on the
winter solstice. However, it is necessary to plan for the azimuth, offset distance and securing
installed capacity of the PV array based on the restrictions by the relation between land
shape and the azimuth and surrounding environment.

@ The installation site should select the place that may not have a risk of falling objects, and
avoid oil contained dust and the affected area by special dirt. If it is difficult to avoid, it is
necessary to take measures for these matters. Regarding adhesion and deposition of the
usual dust, it can be cleared by rain and so on, so the output power is stable in the certain
range clarified by the past experiences.

3.4 System capacity (size)

System capacity is limited to some extent by the installation area size and the budget. Although
according to the type of PV cell, and tilt angle of PV panel, the space about 10-15 ni/kW is
required for PV array installation. Also, it is desirable to consider installation space for ancillary
facilities such as substation facilities, PCS and so forth.

Consideration of system capacity, it is necessary to think about “design, cost and installation
space”, and the key point is “how much the budget can be secured”. In addition, the necessary PV
system size in order to meet the design is related to the system capacity setup as a result. For
example, relation between the specification (design, function, performance) of necessary modules
for the design and the installation space.

3.5 System Configuration

The basic PV system is that PV module receives solar radiation and generates power, combines
generated power in a junction box / a collecting board, and converts into AC power by power
conditioner, then connects to the grid via high voltage receiving board in general. When compiling
generated power and solar irradiation as data or display for the purpose of promotion of
environmental friendliness and energy management, a pyranometer, an outside air temperature
gauge, a data measurement device, and a display device are additionally needed.

The components except PV array, a junction box is installed at outdoor (near the PV array), and a
power conditioner is installed either outdoor or indoor due to the condition of its size and
installation site.

When the capacity of the entire PV system is determined, generally the installation method of the
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PV panel and power conditioner is also determined. Ideally, the distance between the PV array
and power conditioner is better to be close. When distributed installation of the PV array is
implemented, distributed installation of power conditioner is also implemented in nearby each PV
array and it should have the sufficient capacity to respond to the capacity of the PV array. Figure
00 shows the sample of system configuration.

50kVA 1000kVA
6.6kV/200V 6.6kV/400V

250kW 400V 250kW 400V 250kW 400V 250kW 400V
PV PCS PV PCS PV PCS PV PCS

PCS PCS PCS PCS
250kW 250kW 250kW 250kW
No1PCS No2PCS No3PCS No4PCS
Collection box Collection box Collection box Collection box
| Junction Box | | Junction Box | | Junction Box | | Junction Box | | Junction Box | | Junction Box | | Junction Box | | Junction Box |

[ [ [ [ [ [
- ﬂ e -
r g E7 720 25
(Source: Kumamoto University, Eco-Ene Study Group “the 4™ workshop” material)
Figure2-11 System configuration

4. Design of PV array

4.1 PV module selection

PV array consists of PV module that is connected in series and/or parallel to keep consistent
voltage and capacity. That is to say, select PV module and determine the voltage and the output
power per module in order to calculate the generation capacity of a PV power system. In the
determination of installation area, it is necessary to know the dimension of the PV module.
However, specification of PV module varies depending on manufacturers and there are no
common standards. Hence, there is a wide variation according to the type of PV cell.

In the planning stage, if a manufacturer is undecided, or the public works that is difficult to decide
PV module from the drawing for order, it is better to use average voltage and output power figures
from manufacturers’ catalogs and make a detailed plan refer to the specific product according to
the planning stage.

4.2 Number of series and parallel connections of PV module

PV array is made by PV modules that connect required number of modules in series, and further
connect in parallel to form into a large-sized panel to generate required electric power. The
number of modules to connect in series, are usually planned based on a figure calculated by 110%
of power conditioner’s rated DC voltage divided by the maximum output working voltage. For
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example, PV array that is composed of modules (maximum output at 108.2W, maximum output
working voltage at 36.2V) shown in the figure 00, connects to an inverter with rated DC voltage at
300V (input voltage operation range: 240V to 345V) to get AC output voltage, three-phase at 210V,
the calculation is;

300 x1.1=330 330V /36.2V=9.12 =9 series

Therefore, when making a system with maximum output at 30kW,

30,000W / 108.2W = 277 pieces of modules

277 pieces of modules / 9 series = 31 parallels

In a reference case, it sets as 32 in parallel due to the whole structure of the PV array. Hence, the
number of modules and the maximum output of PV array is;

9 series x 32 parallels = 288 pieces of module

288 pieces of module x 108.2W = 31,160W = 31.16kW

In the actual design, it is necessary to determine the configuration of the PV array, form and
division method in consideration of the conditions such as frame dimension, required space for
installation and so forth. In addition, when determining the number of serial connections of a PV
module in a detailed design, the fluctuation of module’s open circuit voltage and output working
voltage caused by the module’s temperature characteristics shall be set within the power
conditioner (inverter)’s the maximum allowable voltage, input voltage range, and MPPT working
voltage range.

The DC voltage of an inverter is at 200V in a single-phase output, in the case of general 300V in
three-phase output, PV modules with maximum output about 50 to 65W, the maximum output
working voltage will be at 18 to 20V, so the number of serial connections required is 16 to 18 series.
A large-scale PV module with the maximum output at 100 to 120W, the maximum output working
voltage will be at 34 to 36V, the number of serial connections required is about 8 to 9 series. The
circuit of a group of PV modules connected in serial is called a “string”.

895+2 35t 447.75
——— 7 3IF F_
a— ———————— - — — ! r
i:J]]]] [“ Label —{1 o
PV cel | 4] ] J Terminal |
O ob B g
(T T T N A
ooz | | 1 1 LT L1 1) Cable with connector
CTT T T 1T (L=950, 96.4mm)
5 \'. —r- - -
T
j sasassss )
R
Alminium frame Reinforced glass Packing, etc.

) - Standard value _ \ N
Electrical characteristic (@t AM-15, 1kWm2, 25°C) E :
Max output (Pmax) 108.2w N \ ]
Max power voltage (Vpm) 36.2V L)«\ Backside fim PV cell =
Max power current (lpm) 2.99A Alminium frame (Coated by EVAresin)
Open circuit voltage (Voc) 4.35V
Short circuit current (lsc) 3.28A

(Source: NEDO “PV power system introduction guidebook”)
Figure 2-12 Configuration of PV module
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4.3 Design for frame and foundation

@ Frame design

(a) Outline of frame strength calculation

In Japan, the frame for ground installation type in a large-scale PV power plant is treated as an
electric facility. Hence, it is necessary to design following the ministerial ordinance setting
technical standards concerning electrical facilities.

Article 50-2 in the ministerial ordinance stipulates that the support structure for a PV module
should have the strength specified in the “Design guide on structures for photovoltaic array” in the
Japanese Industrial Standards — JIS C8955 (in 2004). It is necessary to design following JIS
guidelines. The calculation of strength in JIS is set based on the Building Standard Law, and most
of the concepts are the same as the Building Standard Law, but the “Deflection” stipulated in the
Building Standard Law, is not stated in JIS.

The calculation of strength stated in JIS; calculate dead load, wind load, snow load, and seismic
load, then select the material that can withstand each load. However, the selected material’'s
weight is used for the calculation of dead load, seismic load and so forth. Hence, it is required to
verify the calculation.

The next section describes about the calculation method of frame’s strength.

(b) Expected loads
Expected loads put on the support structure are classified into 4 types such as dead load (G),
wind load (W), snow load (S), and seismic load (K). The summary and notes of each load
describe as follows.
i) Dead Load (G)

Sum of the module mass and the support mass

ii) Wind load (W)
Sum of wind pressure put on the module and the support structure. The calculation is
shown in the formula 00.
W=CwxqgxAw -+ « « - Formula 2-4
(W: Wind load [N], Cw: Wind factor, q: Design velocity pressure [N - m-2], Aw: Receiving area [m2])
And, the design velocity pressure “q” is given by formula 2-5.
g = 0.6xV2xEx| -+ - - - formula 2-5
(V: Reference wind velocity for design [m - s-1]. E: Environmental factor, |: Application factor)
[Reference wind velocity for design]
The figures indicated on the table of reference wind velocity for design in JIS are used.
[Environmental factor]
In the calculation of environmental factor E, it is necessary to check terrain category. The
terrain category is specified by each local government, so check it from their websites and so
forth.
[Application factor]
Application factor sets in consideration of the importance of the PV system to install.
(Example: 1.3)
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(iii) Snow load (S)
Vertical snow load put on the module surface. The calculation is shown in the formula 2-6.
S=CsxPxZsxAs + + + -+ Formula 2-6

(S: Snow load [N]. Cs: Slope factor, P: Average unit mass of snow [N/m?-cm],

Zs: Vertical snow depth on the ground [m], As: Snow area (Area of the PV array)[m?))
[Average unit mass of snow]

The average unit mass of snow varies depending on general regions and snowy regions. Article
86, paragraph 2 in the Enforcement Ordinance of Construction Standard Law states that the unit of
snow load shall be more than 20 Newton per one square meter in every one centimeter of snowfall.
However, the designated administrative agencies can specify a heavy snow zone based on the
standard stipulated by the Minister of Land, Infrastructure, Transport and Tourism, and the
different stipulation can be applied to the heavy snow zone. (Notification relates to the
Construction Standard Law No. 1455 — issued in 2000) It is possible to check which regulation
shall be applied to the concerning region, from the each prefecture’s website.

[Vertical snow depth on the ground]

In the calculation formula described in JIS, it is necessary to put “standard sea ratio in the
area”, and the various factors such as radius used for the calculation of sea ratio are specified
by each area in JIS, but it is not easy to calculate. This calculation formula and each factor are
the same as the one specified in the “Notification No. 1455 by the Construction Ministry in
2000”, and this notification was issued by the Article 86, paragraph 2 in Enforcement
Ordinance of Construction Standard Law. It says that the vertical snow depth specified in the
Article 1 shall be the value that the designated administrative agencies define by a rule based
on the standards provided by the Minister of Land, Infrastructure, Transport and Tourism. The
vertical snow depth is posted on the website as “Enforcement Regulations of the Building
Standards Law” in the each prefecture.

(iv) Seismic load (K)

Horizontal seismic force exerted on the support structure. Calculation shows in the formula 2-7.
K=kxG (general region)
K=kx(G+0.35S) (snowy region) « « « - formula 2-7

(K: Seismic load [N], k: Horizontal seismic coefficient for design, G: Dead load [N], S: Snow load

[N])

[Horizontal seismic coefficient for design]

Seismic zoning factor is required for the calculation of horizontal seismic coefficient for

design. Seismic zoning factor is stated in the Ordinance of the Ministry of Land, Infrastructure
Transport and Tourism, and also be available in the website.
Above four types of load are calculated utilizing the load conditions and combination in the
table 2-7. When calculating wind load, it should calculate under the fair wind and adverse
wind conditions, and the seismic load calculation, it should calculate under the vertical and
horizontal directions.
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Table 2-7 Load conditions and combinations

Load Condition General Region Snowy zone
Long-term | Always G G
Snow G+0.7S
Short-term | Snow G+S G+S
Storm G+W G+W
G+0.355+W
Earthquake G+K G+0.35S5+K

(C) Notes for designing of a supporting structure

Notes for designing of a supporting structure are as follows.

(i) Installation direction of PV module

When installing the PV module horizontally, a purlin that supports PV module is installed
vertically, and vice versa. Generally, C-shaped channel (lip channel) is often used for the
purlin, to make it easy to fix the PV module by bolts, and a bending withstand load of these
steel materials differs according to the X (horizontal) axis and Y (vertical) axis. In the wind
load that the load is applied to the PV module constantly, there is no difference in the
installation direction of the purlin. However, in the snow load that a load is applied vertical way
to the ground, a big bending moment occurs toward a weak axis direction that the purlin is
installed horizontally. Therefore, the PV module should be installed horizontally, and the purlin
is installed vertically to obtain the strength.

(ii) Tilt angle of a supporting structure

The wind pressure load put on the PV modules will get stronger if a large tilt angle is taken. On the
other hand, snow load becomes small. A tilt angle is desirable to select the angle that could be the
annual maximum energy production. However, if the tilt angle sets small in a snowy region, snow
load might exceed in PV module’s allowable load, so it should be noted. In addition, PV module’s
allowable load may vary at the front side and the back side. If there is no specification, it is
desirable to check with manufacturers when considering wind load, snow load and so forth.

(iii) Minimum height from the ground

In the snowy region, the snow piles up in front of a PV array, so it requires securing a space as a
minimum height from the ground for the snow. In addition, when the minimum height from the
ground sets low, it may cause of shadowing effect by weeds, and the PV panel may be broken by
a stone hit when mowing, so the minimum height from the ground is needed to determine in
consideration of these possibilities.

(iv) Selection for the structural pattern

Usually, the allowable stress of a component is in order that tension > compression > bend.
Hence, the material having bending load, its size intends to become large. With the
supporting structure of truss structure, the components receiving a bending load are purlin
and beam materials. Especially, the purlin has many materials, and reduction of the bending
load puts on the component of purlin contributes to the component weight reduction in the
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entire supporting structure.

Figure 2-13 shows a sample structure of a PV array rack. In the picture | and Il, the bending
moment at the point A and the span B are equal, hence bending moment of entire structure
can be reduced. Meanwhile, comparing the picture | with the picture lll, even if the number of
PV module to the lengthwise direction is the same, the length of in-between supporting points
of the picture Il is 1.5 times longer than the picture I. In addition, the length of in-between
supporting points in the picture 1V is double than the picture Il that has the same number of
PV module to the lengthwise direction. In the case of a uniformly distributed load, the bending
moment is proportional to the square of length. It means, 2.25 times of bending moment is
added to the picture | compare with the picture
[ll, and 4 times of bending moment is added to o
the picture IV compare with the picture Il.
Therefore, the size of the PV panel rack of the o\ P B
picture | and Il can be smaller than the picture /

[l and IV. Also, the size of the supporting back A
legs that the load is added most in the picture |
and Il can be shorter and this is the advantage
of the aspect of buckling. However, if the width
of the foundation is shorter, overturning
moment to the foundation will increase. Hence,
it needs to take note in the high wind area.
Figure 2-13 Basic structure pattern
(V) Allowable buckling load

There is no description about buckling in JIS, but when compression load adds on a
component, it is necessary to consider about buckling.

Allowable value of tensile load depends on the cross sectional area of a component. Meanwhile
the buckling occurs on the component by compression load, the buckling strength is given by the
cross sectional area, and also the length of the component, radius of gyration of area. In order to
increase the buckling strength, the calculation for the case of attaching auxiliary component
towards weak axis is needed. Also, it is necessary to consider the bending buckling for H-shaped
steel and channel steel (except lip) among the components that bending load puts on.

Calculation method is specified in “the Notification No. 1024 by the Ministry of Land,
Infrastructure, Transport and Tourism — issued in 2001”, and it can use as a reference when
designing.

® Foundation design

Generally, foundation type of a structure is classified as a figure 2-14. When a rack is mounted
on a ground, independent footing or connected foundation is generally adopted among spread
foundation. However, if a ground condition near the ground surface is bad and supporting layer
is deep, a pile foundation may be adopted.

In a foundation design, a geological survey is performed in advance; also calculate required
bearing power from leg stress computed in a mount design, and the foundation type that can
bear the load, is chosen. The cost for foundation work needs sufficient consideration for its
economic efficiency since the cost may fluctuate drastically with the foundation type to adopt.
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Table 2-8 shows a foundation work example at a large-scale PV power plant.

— Independent footing

— Connected foundation
— Spread - .
Foundation |— Mat foundation
L Floating foundation
'%5 — Connected foundation
z ) )
o —+— Pile ——— Mat foundation
S .
g Foundation ) '
3 L— Floating foundation
5
)
&9
L Caisson Foundation

Figure 2-14 Foundation type

Table 2-8 Foundation work example of a large-scale PV power plant

Foundation type Example of construction

Spread foundation
(Independent footing)

Supporting layer

Spread foundation

(Connected foundation) Connected two legs

Supporting layer

A pile foundation’s
Pile foundation mounted for each leg

Supporting layer
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5. Cable design

This subsection describes the cable design of the PV system, such as DC cable work from the PV
module to the PCS and AC cable work from the PCS to the connection point with the grid.

Note that the numerical values that will appear below are referred to the “Technical Standards for
Electrical Facilities”, and “Internal Wiring Codes” developed in Japan.

5.1 Cabling between the PV module and PCS

@ To carry a short-circuit current, the common size of cables between the PV modules shall be
2mm? and over. In general, two cables (with a connector) are derived from the terminal box
on the back of each PV module and the polarities are shown. However, cares will be needed
as different module manufactures present different identification.

@ Necessary number of PV modules will be connected in series to constitute a string, which is
terminated by a junction box. Parallel connections are made in the junction box (or a
collection box).

@ Itis recommended to install the junction box as near to the PV array as possible, but it may
be difficult due to the structure of a building in which the array is installed. In this case, we
determine the installation place in consideration of maintenance works such as inspection
and changing parts.

In the wiring design from the junction box (or the collection box) to the PCS, the voltage drop
should not exceed 1.0V at rated power. The Japanese standards specify that the voltage
drop of a low-voltage cable shall not exceed 2% of the standard voltage in the main and
branch circuits. Table 2-9 lists the maximum length of cables at a voltage drop of 1.0V in
Japan.

@ For example, the voltage drop is not more than 6V in a PV system rated at a DC voltage of
300V.

Ex.: If DC voltage: 300V; Voltage drop (e): 6.0V; Current (I): 45A; Cable length (L):
50m, then the cable size is 14mm?, which is given by multiply the value selected from
the Table 2-9 by six (6).

(® Table 2-10 shows how to find the cross-sectional area of a cable from a voltage drop. For
example, in a PV system rated at a DC voltage of 300V, the voltage drop is not more than 6V
as shown in the previous paragraph.

Ex.: If DC voltage: 300 V; Voltage drop (e): 6.0 V; Current (1): 45 A; Cable length (L):
50 m, then
A=(36.5xLx1)/(1,000 x e) = (36.5 x 50 x 45) / (1,000 x 6.0) = 13.7 (mm?)
Accordingly, the cable size is 14mm?.

® If the PV array is mounted on the ground, underground wiring is often used between the
junction box (or the collection box) and the PCS. The underground wiring and piping work
require an investigation of the depth based on the weight of the PV array and the weight of
sand. In addition, it is recommended to take measures for protecting underground cables
and to install hand holes or underground boxes if the cable length exceeds 30 meters.
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Table 2-9: Maximum cable length (in the case of the DC or 1-phase 2-wire system)

Maximum cable length (m) at a copper-cable voltage drop of 1V

Current Solid cable (mm) Stranded cable (mm?)
(A) 16| 20 26| 3.2 14 22 38 60| 100 150 200 250 325 400 500
1 56 88 149 226/ 384 606 1,020 1,650 2,780| 4,240| 5,420 6,990 8,930/11,100]13,500
2 28 44 75| 113] 192 303] 512 823] 1,390] 2,120] 2,710 3,490 4,460 5,550| 6,760
3 19 29 50, 75| 128 202 342 548 927| 1,410[ 1,810 2,330 2,980 3,700| 4,510
4 14 22 37| 57| 96| 152 256 411| 696 1,060 1,350 1,750| 2,230| 2,780 3,380
5 11 18 30, 45 77) 121] 205 329 556 848 1,080 1,400 1,780| 2,220 2,710
6f 9.3 15 25 38 64 101 171 274/ 464 707 903 1,160 1,490| 1,850 2,260
71 8.0 13 21 32 55 87| 146 235 397 606 774 998 1,280 1,590 1,930
8 7.0 11 19 28 48 76| 128 206 348 530 677 873 1,120 1,390 1,690
9 6.2 98 17 25 43 67 114 183] 309 471 602 776] 992 1,230[ 1,500
120 47| 74 12 19 32 51 85 137] 232 3531 451 582 744 926/ 1,130
14 4.0 6.3 11 16 27 43 73] 118 199 303[ 386] 499 637] 793 966
150 3.7 5.9 10 15 26 40 68 110 185 282 361 466 595 740 902
16 35 55 9.3 14 24 38 64| 103] 174 265 338 436 558 694 845
18 3.1 49 83 13 21 34 57 91| 155 236| 301 388 496 617 751
25( 221 35 6.0 9.0 15 24 41 66| 111 170 217| 279 357| 444 541
35 16| 25 43 6.5 11 17 29 47 79 121 155 200] 255 317 386
45 1.2l 20 33 50 85 13 23 37 62 94| 120 155 198] 247 301

Source: Internal Wiring Rules (JEAC 8001-2005)

Notes:

1. If the voltage drop is 2V or 3V, the maximum cable length is given by multiplying the values
shown in the table by two or three respectively (this applies to the other).

2. If the current is 20A or 200A, the maximum cable length is given by diving values shown in the
2-A row of the table by 10 or 100 respectively (this applies to the other).
3. In a stranded cable is 5.5mm? or 8mm? in size, the maximum cable length is the same as that of
a solid cable 2.6mm or 3.2mm in diameter respectively.

4. The values shown in the table are found at a power factor of one (1).

Table 2-10: Equations for finding a voltage drop and cable’s cross section area

Electric system Voltage drop Cable’s sectional area
1-phase 2-wire o= 36.5*L* A= 36.5*L"
DC 2-wire 1000*A 1000%e
30.8*L* 30.8*L*
3-phase 3-wire |e= ——— A= ———
1000*A 1000%*e
1-phase 3-wire o = 17.8*L* A= 17.8*L*
3-phase 4-wire 1000*A 1000*¢’

Source: Internal Wiring Rules (JEAC 8001-2005)

Note:

T oo

Voltage drop across a cable (V)

Voltage drop between the outer or phase conductor and the neutral conductor (V)

Cross section area of the cable (mm?)

Length of the cable (m)

Current (A)

Each equation shown in the table holds when the outer or phase conductors of the circuit are

in equilibrium, and the cable conductance is 97%.
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5.2 Cabling from the PCS to the grid connection board
@ If the PCS capacity exceeds 10 kW, the typical electrical system on the output side is a
3-phase 3-wire type (or a 3-phase 4-wire type) and the voltage rating is 200V. In this case,
the maximum cable length can be derived from the table below.

Table 2-11: Maximum cable length (in the case of the 3-phase 3-wire system)

Maximum cable length (m) at a copper-cable voltage drop of 2V

Current Solid cable (mm) Stranded cable (mm?)
(A) 16| 20 26| 32 14 22 38 60 100 150, 200] 250[ 325 400 500
1 129] 204] 345 522 888 1,400 2,370| 3,800 6,430 9,800|12,500|16,100[{20,600(25,700|31,200
2 65 102 172] 261 444 701| 1,180 1,900] 3,210| 4,900 6,260 8,070/10,300/12,800|15,600
3 43 68 115 174 296| 467| 788 1,270 2,140| 3,270| 4,170 5,380 6,870| 8,550|10,400
4 32 51 86| 131] 222] 351 592 951 1,610 2,450| 3,130| 4,030 5,150 6,410 7,810
5 26 41 69 104 178 280 473 760 1,290[ 1,960 2,500| 3,230| 4,120 5,130 6,250
6 22 34 57 87| 148 234 394 634 1,070 1,630[ 2,080 2,690 3,440| 4,280 5,210
7 18 29 49 75| 127] 200 338 543 918 1,400[ 1,790 2,310 2,950| 3,660 4,460
8 16 26 43 65 111 175 296| 475 803 1,230 1,560] 2,020] 2,580 3,210 3,900
9 14 23 38 58 99 156 263] 422 714] 1,090 1,390 1,790| 2,290| 2,850 3,470
12 11 17 29 44 74  117] 197] 317| 535 816| 1,040 1,340] 1,720| 2,140 2,600
14 9.2 15 25 37| 63 100 169 272 459 700 894| 1,150 1,470| 1,830 2,230
150 8.6 14 23 35 59 93] 158 253 428 653 834 1,080 1,370| 1,710[ 2,080
16| 8.1 13 22 33 55 88| 148 238 401 612 782 1,010 1,290 1,600 1,950
18 7.2 11 19 29 49 78 131 211 357| 544 695 896 1,150 1,430 1,740
25( 5.2 8.2 14 21 36 56 95 152] 257| 392 500 645 825 1,030 1,250
35/ 3.7, 58 9.9 15 25 40 68 109 184] 280 357 461 589 733 893
45 29 45 7.7 12 20 31 53 84| 143] 218 278] 359 458 570 694

Source: Internal Wiring Rules (JEAC 8001-2005)
Notes:
1. If the voltage drop is 4V or 6V, the maximum cable length is given by multiplying values
shown in the table by two or three respectively (this applies to the other).
2. If the current is 20A or 200A, the maximum cable length is given by diving values shown
in the 2-A row of the table by 10 or 100 respectively (this applies to the other).
3. Ina stranded cable is 5.5mm? or 8mm? in size, the maximum cable length is the same as
that of a solid cable 2.6mm or 3.2mm in diameter respectively.
4. The values shown in the table are found at a power factor of one (1).

6. Lightning protection design

In many cases, a PV array is installed at an outdoor and large site without obstacles. In the
installation in the area often struck by lightning, it is necessary to take measures depending on the
importance of the PV system. This subsection mainly describes measures against indirect
lightning that is assumed to have an impact on the PV array more frequently than direct lightning.

6.1 Kinds of lightning damage
Lightning is classified into direct and indirect strokes, which have different characteristics as
shown below.
(a) Direct lightning stroke
Direct lightning strikes a PV array, low-voltage distribution line, and electrical devices directly or
in the vicinity of them. The stroke having a current of 10 to 25kA commands 50% share but
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some have very high energy, for example a current of about 300kA. Therefore, it is very difficult
to take measures against such a direct lightning stroke.

In Japan, there are not many cases that PV arrays have been struck by direct lightning. So,
normally lightning rod is not installed. However, we the lightning rods can be installed in the
vicinity of mountaintops and in the area often struck by lightning, or if the PV system is very
important. The lightning rod may be installed so that the PV array and other electrical
equipment are within a shield angle of 60° from the rod tip.

(b) Indirect lightning stroke
Indirect lightning is classified into electrostatic and electromagnetic induction. In case of

electrostatic induction, positive charge induced in a cable causes a lightning surge because the
stroke will let the positive charge move freely which has been kept neutralized by the negative
charge on the ground surface. In the latter case, lightning that strikes the vicinity of a cable
induces a lightning current in the cable, resulting in a lightning surge.

Just before inter-cloud
discharge

Electric charge of

/ electrostatic induction

Bl Cable

Earth

Just after inter-cloud
discharge Lightning discharge

= — T —
~— e ¢ 7

L P
Lightning ™ " Flectromagnetic
surge "|/ &

T
i == Lightning surge . . r | induction
(= =3 - "
B —[—\ ~— --/\ Cable |Z —r—\()— ———— Cable
m &3] / Lightning stroke
Earth Earth
(a) Indirect stroke by (b) Indirect stroke by
electrostatic induction electromagnetic induction

Source: Design and installation work of PV system, Japan Photovoltaic Energy Association (JPEA)
Figure 2-15: Principle of indirect lightning strokes

6.2 Measures against lightning surge
A lightning surge may invade the PV system through the PV array, the distribution and grounding

lines, or both of them. The invasion via the grounding cable occurs when a lightning stroke given
to the vicinity increases the earth potential, and the potential on the source side becomes relatively
low, resulting in a current flowing from the ground to the power source. Possible measures against
this problem are shown below.
D Installing a surge protective device (SPD) in the junction box and also scattering SPD over
the main circuit of the array if necessary.
@ Installing an SPD in the distribution board to prevent a lightning surge from the invasion via
the low-voltage distribution line.
@ Installing a lightning shielding transformer in the AC power source as a safety measure in

areas frequently struck by lightning.
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6.3 Selection of surge protective device (SPD)

The PV module or array is not designed to withstand a direct lightning stroke. That is to say, the
grid-connected PV system will be broken when it is struck directly by lightning and the resulting
overvoltage or overcurrent exceeds the allowable value of any system component. If the PV
system is installed in an important facility in a area frequency struck by lightning, measures against
direct lightning is necessary. In this case, the installation of lightning rods is effective in reducing
the risk of lightning strokes. Measures against indirect lightning include arresters and surge
absorbers, which are surge protective devices to be installed in the main circuit of the array,
junction box, and distribution board. In addition, lightning shielding transformers will have to be
installed in areas frequently struck by lightning.

Note that arresters (whose discharge withstand current rating is large) shall be selected for the
junction box and distribution board, and surge absorbers (whose discharge withstand current
rating is small) for the main circuit of the array. Figure 2-16 shows the appearance of various
SPDs.

@ Arrester: Reduces lightning-caused sudden overvoltage applied to the terminal of an electric
device and returns it to the normal voltage without a power interruption.

@ Surge absorber: Damps the peak of abnormal voltage invading via a wire and reduces the
amplitude.

@ Lightning shielding transformer: Consists of an insulation transformer, an arrester, and
capacitors. When a lightning surge invades the transformer, the built-in arrester damps the
abnormal voltage, the transformer attains the high insulation between the primary and
secondary sides, and the shield cuts off the surge completely.

Lightning arrester Surge absorber

Source: Design and installation work of PV system, Japan Photovoltaic Energy Association (JPEA)

Figure 2-16: Lightning arrester and surge absorber

6.4 Selection of lightning arrester
@O When an arrester is built in the junction box, the maximum allowable or rated voltage shown
in the manufacturer’s specification shall be larger than the maximum voltage across the
terminals to be protected. In case arresters are installed in the distribution board, the voltage
requirements shall meet the rated voltage or one recommended by the manufacturer of
distribution boards.
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@ Assuming that a surge current induced by indirect lightning is 1,000A (8/20us), the arrester

shall be rated at a discharge voltage of 2,000V or less. Discharge voltage is the remaining
voltage across the arrester after the surge current flows with limited surge voltage. Note that
some experiments show that PV arrays has an impulse withstand voltage of 4,500V (which
means that no dielectric breakdown occurs when an impulse having this voltage and a
standard waveform width of 1.2/50us applies to the array three times negatively and
positively), so we set the discharge voltage at 2,000V in consideration of an increase in the
surge impedance proportional to the length of the arrester’s grounding wire.

An induced current waveform may have energy exceeding 8/20us. Therefore, the discharge
withstand current rating (surge current withstand) of the arrester shall be at least 4kA, but
we recommend 20KA if possible.

The arrester is required to have structure that makes it easy to remove itself from the circuit
to allow maintenance staff to work during maintenance and inspection after damage caused
by a lightning current.

Any arresters having a gap are not recommended because after they work due to a lightning
surge, the working voltage of the gap reduces and a current from the PV array continues

flowing through the gap, resulting in a break.

Table 2-12 shows examples of arresters chosen according to the above, and Figure
2-17 indicates how to install them in the junction box and distribution board.

(A) Junction box

Table 2-12: Selection of lightning arrester (sample)

roperties Max. Rated | Nominal | Working Discharge voltage Discharge withstand
allowable | voltage | discharge start [V] current rating
voltage V] current voltage | Discharge | Discharge | Lightning | Rectangle
Mode V] [A] V] current current impulse impulse
(AC) (8/20 us) | £12% 1,500 A 2,500 A current current
(8/20 ps) | (8/20 ps) | (8/20 ps) (2 ms)
GL-L4F | 520 450 | 2500 | 1,000 | 20000r | 22000r | 20KA | 100A
ess less Twice 20 times
(B) Distribution board
roperties Max. Rated | Nominal | Working Discharge voltage Discharge withstand
allowable | voltage | discharge start [V] current rating
voltage V] current voltage | Discharge | Discharge | Lightning | Rectangle
Mode [V] [A] V] current current impulse impulse
(AC) (8/20 ps) | £12% 1,500A 2,500A current current
(8/20 ps) | (8/20 ps) | (8/20 ps) (2 ms)
GL-L1F 130 110 250 560 or 620 or 20kA 100 A
2500 less less Twice 20 times
GL-L2F 260 220 ’ 500 1,000 or | 1,100 or
less less

Source: Design and installation work of PV system, Japan Photovoltaic Energy Association (JPEA)
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Source: Design and installation work of PV system, Japan Photovoltaic Energy Association (JPEA)

Figure 2-17: Sample installation of lightning arresters at junction box and distribution board

6.5 Selection of surge absorber
@O When a surge absorber is built in the junction box, the maximum allowable or rated voltage
shown in the manufacturer’s specification shall exceed the maximum voltage across the
terminals to be protected. In case surge absorbers are installed in the distribution board, the
voltage requirements shall meet the rated voltage or one recommended by the manufacturer
of distribution boards.
@ Assuming that a surge current induced by indirect lightning is 1,000A (8/20 us), the surge
absorber shall be rated at a discharge voltage of 2,000V or less.
The discharge withstand current rating shall be at least 4 kA.
The surge absorber is required to have structure that makes it easy to remove itself from the
main circuit of the PV system.

®
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6.6 Selection of lightning shielding transformer

The arrangement of a lightning shielding transformer on the AC side of the PCS makes it possible
to isolate the PV system from the commercial power line perfectly and to cut off a lightning surge
almost completely. The lightning shielding transformer shall be installed when the arrester and
surge absorber cannot attain perfect protection.

How to select a lightning shielding transformer is described below.

(D Determining the primary and secondary voltage as well as the capacity, and selecting a
transformer having good electrical characteristics, such as the efficiency and dielectric
strength.

@ Selecting a transformer that has a high lightning surge damping effect (equipped with more
shielding sheets between the primary and secondary sides).

7. Grounding design

The “Japanese Technical Standards for Electrical Facilities” specify that exposed and uncharged
part of a PV array, rack mount, junction box, frame for PCS, and metal duct shall be grounded to
prevent an electrical shock or fire from occurring due to a ground fault. However, they define that a
DC electrical circuit from PV array to PCS shall not be grounded because a ground fault may
cause a short circuit.

The grounding methods and resistance values in this subsection are referred to “Technical
Standards for Electrical Facilities” and “Internal Wiring Codes” in Japan. Therefore, in other
countries, it is necessary to follow codes of practice developed by the authorities concerned or
electric power companies.

7.1 Kinds of grounding
Grounding work in Japan is classified into four kinds. Table 2-13 shows grounding resistance
values required on a grounding work type basis. Table 2-14 indicates grounding work necessary to
steel racks, metal housings, and steel frames used for electrical and mechanical appliances, such
as PV arrays and junction boxes.

Table 2-13: Grounding work types and resistance values in Japan

Grounding work

Grounding resistance value
type

Class A 10 Q or less

Not more than ohmage given by dividing 150* by the amperage of a single-line

grounding current flowing through the power line on the high-voltage or

extra-high-voltage side of a transformer (less than 5 Q is not mandatory).

Class B *o This value is changed to 300 when the fault current can be disconnected
between 1 and 2 seconds.

+ This value is changed to 600 when the fault current can be disconnected
within 1 second.

10Q or less (500Q or less when a breaker is installed in the low-voltage line to

Class C disconnect the fault automatically within 0.5 seconds after the line is grounded)

100Q or less (500Q or less when a breaker is installed in the low-voltage line to
disconnect the fault automatically within 0.5 seconds after the line is grounded)

Class D

Source: Technical Standards for Electrical Facilities, Article 18
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Table 2-14: Application of grounding work to appliances in Japan

Classification of appliances Grounding work
Low-voltage appliance rated at 300V or less Class D
Low-voltage appliance rated at more than 300V Class C
High-voltage or extra-high-voltage appliance Class A

Source: Technical Standards for Electrical Facilities, Article 28

Note that the above does not apply to an appliance that uses a circuit rated at an operation
voltage of not more than 300V DC or a voltage of not more than 150V AC to the ground and is
installed in a dry place.

-

The following shows the Japanese classification of voltage shown in the table above.

Table 2-15: Japanese classification of voltage

Classification AC DC

Low-voltage Not more than 600V Not more than 750V

High-voltage More than 600V to 7,000V More than 750V up to 7,000V
Extra-high-voltage | More than 7,000V More than 7,000V

7.2 Design and methodology for grounding work
This subsection describes the Classes A, C, and D grounding work.
@ Grounding wire

>

An earth wire, except the part 60cm long from an appliance to be grounded and the
underground part, shall pass through a plastic or metal pipe to prevent itself from being
damaged. Class C or D grounding work will be required for the metal pipe when there is
no risk of people touching the wire.

If an earth wire is led in a building from the outside, water-proof works are required to
prevent water from coming inside the building through conduits and so on.

When installing an earth wire along a metal-lath, wire-lath, or metal-plate building material,
“Internal Wiring Codes” 3102-8 (Insulation from Metal Lath) shall be referred (see Figure
2-18).

Copper earth wires used for the Class A or C/D grounding work shall meet the size shown
in Table 2-16 or 2-17 respectively.

An aluminum wire can be used as an earth wire, except when it is laid underground,
constitutes a part from a grounding electrode to a point 60 cm above the ground, comes
into contact with wet concrete, stone, or brick, or is installed in a place where corrosive
gas or solution is emitted. When applied, the size shall meet specifications shown in
Tables 2-16 and 2-17.

If earth wires, except ones installed indoors, are fixed to building materials or others, they
shall have dielectric strength equal to or higher than that of Class IV wires. This is
because using bare wires have electric shock and fire risks when a ground fault occurs.
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Insulation tube which has
more than 4mm thickness

Cable Compound is filled to M.
the space ortar
: Metal tube Wooden lath
Bushi Lot Metal tub Insulation plate —] ,g,
e sk ‘ﬂ Lath paper

Wooden lath, Japanese wall
Mortar, Metal lath, Lath 3
paper, Wooden lath, Stud Metal lath

Note: Both side of insulation tube is fixed by binding wire not to move

(a) In case the cable is passed through the fire wall
Saddle  Metal tube The distance between saddle

and screw is more than 5mm

(b) In case metal tube is fixed to the mortar wall

Source: Designing and Installing Photovoltaic Power Generation Systems (1st Edition, Figure
6.13), Japan Photovoltaic Energy Association

Figure 2-18: Insulation from metal-lath materials

Table 2-16: Sizes of earth wires for the Class A grounding work

Earth wire for Class A ) Wire size
, Wire type -
grounding work Copper Aluminum
When flexibility is 2.6mm or over
2 3.2mm or over

unnecessary (5.5mm* or over)

When flexibility is Class lll chloroprene cabtire

necessary cable or high-voltage cabtire 8mm? or over

metal wire for grounding

Source: Internal Wiring Rules JEAC 8001-2005
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Table 2-17: Sizes of earth wires for the Class C or D grounding work

Minimum current
rating of overcurrent
breakers on power
supply side of
low-voltage line of

Wire size

Normal work

When cabtire cable is used for part

requiring flexibility

One of two cores

metal housing of Copper Aluminum Single core
appliance to be PP g to be grounded
grounded
20A or less 2mm? or over 2.6mm or over 1.25mm? or over 0.75mm? or over
30A or less 2mm? or over 2.6mm or over 2mm? or over 1.25mm? or over
50A or less 3.5mm? or over 2.6mm or over 3.5mm? or over 2mm? or over
100A or less 5.5mm? or over 3.2mm or over 5.5mm? or over 3.5mm? or over
150A or less 8mm? or over 14mm or over 8mm? or over 5.5mm? or over
200A or less 14mm? or over 22mm or over 14mm? or over 5.5mm? or over
400A or less 22mm? or over 38mm or over 22mm? or over 14mm? or over
600A or less 38mm? orover | 60mm or over 38mm? or over 22mm? or over
800A or less 60mm? or over |  80mm or over 50mm? or over 30mm? or over
1,000A or less 60mm? or over | 100mm or over 60mm? or over 30mm? or over
2 2 2

1,200A or less

100mm* or over

125mm or over

80mm* or over

38mm* or over

Source: Internal Wiring Codes JEAC 8001-2005

@ Grounding electrode
»Grounding electrodes shall be laid under the ground that has high humidity, uniform soil
properties, no risk of corrosion by gas or acid, and no other buried metal materials.
» Grounding electrodes shall be securely connected with wire by means of brazing or pressure
sleeve crimping.
»The depth of the grounding electrode shall be more than 75cm from the ground surface.
» The following shows types of grounding electrodes we can use.
(a) Copper plate: 0.7mm or over in thickness and 900cm? or over in area.
(b) Copper or copper-clad steel bar: 8mm or over in diameter and 0.9m or over in length.
(c) Galvanized iron gas or steel conduit pipe: 25mm or over in outer diameter and 0.9m or
over in length.
(d) Galvanized iron bar: 12mm or over in diameter and 0.9m or over in length.
(e) Copper-clad steel plate: 1.6mm or over in thickness, 0.9m or over in length, and
250cm? in area.
(f) Carbon-clad steel bar: 8mm or over in diameter and 0.9m or over in length.

@ Others

»When the electrical resistance between the steel frame of a building and the ground meets
the specification shown in Table 2.3.7-1, we can use the frame as an electrode for
grounding work.

»When the electric resistance between a metal body subjected to the Class C or D grounding
work and the earth does not exceed 10 or 100Q respectively, and both are securely
connected to each other electrically and mechanically, the grounding work is regarded as
done.

»An earth wire for lightning rods shall not be attached to any support.

»Grounding electrodes and wire shall be laid at least two meters apart from those for lightning
rods.
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8. Metering device

Arrangements for metering device are deeply related to the incentive scheme for renewable
energy and PV system.

The metering device records the electrical energy consumed by the loads within the property of a
consumer. The meter records the number of units of energy consumed and a unit is typically one
kWh. The consumer is then billed for this electricity based on the tariff set for each consumer
category. In case of a residential consumer single-phase meter is installed, while three-phase
meter is usually applied for larger consumers with bigger appliances.

There are many types of meters available. The simplest meter is a mechanical induction meter
with a calibrated rotating disk that spins when a certain power is being consumed. A more
sophisticated electronics meter can record the time of day that the power is consumed. This type
of meter is used when electricity tariffs vary at different times of the day. The type of meter that will
be installed with a grid-connected PV system will depend on the conditions of the purchasing
agreement with the power company.

The simplest arrangement for metering power generated by PV system is so-called
“Net-metering” arrangement. Net metering allows for the flow of electricity both to and from a
customer’s premises through a single, bi-directional meter as shown in Figure 2-19. At times when
a customer’s power generation exceeds the customer’s power consumption, electricity supplied
by the customer to the power company causes the meter to spin backwards, offsetting the
electricity the customer must purchase from the power company at another time. The net-metering
arrangement allows the consumer only to be billed for any insufficient power consumed from the
grid. It effectively means that the power company is purchasing the power at the same unit tariff as
they are selling to the consumer. Therefore, if the unit price of buying from the power company is
different from the unit price selling to, this arrangement cannot work.

Net consumption meter
(rotates in both directions)

L] —
PV System
L]
S: Source side
S L )
L: Load side
C—ly
Grid
—
Load (s)

Figure 2-19: Schematic diagram of net metering

If the unit price of electricity for purchasing from and selling to the power company is different, two
separate meters to measure both consumption and reverse power flow have to be installed as in
Figure 2-20. Note the wiring connection of each meter is different. In this arrangement, each
meter can rotate in one direction only. Usually mechanical meters can rotate in both directions, so
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preventive function for backwards rotation will be installed for each meter. The export meter will
record the amount of power generated by the PV system which is exported to the grid during the
day, while the import meter will record the amount of power consumed from the grid.

This arrangement allows the power company to set a different tariff for the power consumed and
sold by the consumer. The power company will deduct the amount of bill sold from the amount of
bill consumed. This is so called “Net-billing”.

Meter for Reverse Power Flow
Meter for Consumption  (NOT for Generation)

(Both meters rotate in single direction.)

I | I | )

PV System
L1 L1

S L S L

Grid

Load (s)

Figure 2-20: Schematic diagram of meters for consumption and reverse power flow

However, with the metering arrangements explained so far, the consumer cannot know the exact
amount the PV system has generated and the gross consumption by the load. Those meters
cannot measure the power flow which is supplied from the PV system to the loads within the
building. If the power company requires one of the metering arrangements as shown above, it is
recommended for consumers to install a separate meter (if not included in PCS) which records the
exact amount of power generated by the PV system as shown in Figure 2-21. In this arrangement,
the exact amount of power generated by the PV system can be measured by the generation meter
while the gross consumption is measured by the consumption meter. This will allow analyzing the
performance of the PV system and compared with the amount of power generation calculated
through theoretical formula.

In this arrangement, it is possible to schedule tariff for net-metering (and net-billing) through
deducting the amount of power generated from that consumed. In addition, separate tariffs can be
applied for the power generated and consumed. Also this arrangement can be applied for
countries where Feed-in tariffs are going to be introduced.
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Meter for Generation

L1
(Both meters rotate in single 1

direction.)
—
PV System
Meter for Consumption (Load)
—
Grid — 1
—
Load (s)

Figure 2-21: Metering arrangement for separate generation and consumption

As shown in Figure 2-20, the Japanese excess power purchase system obliges the consumer to
install two watt-hour meters: one is used to measure power purchasing from the electric power
company, and the other is used to measure power selling to the electric power company. Note that
if installing a grid-connected PV system having a reverse power flow, the conventional watt-hour
meter needs to be replaced with a meter which prevents reverse rotation. Moreover, if it is
necessary to measure gross power generated by the PV system in accordance with the “Green
Power Certificate” trading system independent of the excess power purchase system, the
metering arrangement is required as shown in Figure 2-22.

L]
Meter for Reverse Power Flow ]

Meter for Consumption (NOT for Generation)

(All meters rotate in single direction.) S L

l 1 l 1 \
] ] PV System

Meter for Generation

Grid

—

Load (s)

Figure 2-22: Metering arrangement for generation, consumption and reverse power flow

In general, the watt-hour meter for selling to power company shall be installed near to that for
purchasing power regardless of the mechanical or electronic type. Note that it is necessary to
have prior discussion with the power company to confirm who will pay the costs for installing the
watt-hour meters for selling, including the costs for replacing existing meters if necessary.

-58-



Excess Power Purchase System Feed in Tariff System

PV PV
(House Selling 30
wiring)
Selling 20 i
Self consumption
Purchase 0 consumption 10 Purchase 10

onl ¢ ¢ . d Generated power from PV can be
nly net-export power Is lmeasure ’ measured. Connection of house wiring
Generated power from PV is unknown. needs to be changed.

Source: Whole power purchase system for Renewable Energy (METI)
Fig 2-23 Metering connection for excess power purchase system and Feed in Tariff system

In Japan, the Feed-in Tariff Scheme for Renewable Energy is introduced now, but it uses the
different method of connecting the meter and indoor line from that for the excess power purchase
system as shown in Figure 2-23. The existing customers will be required to pay vast costs for
changing the wiring system, therefore, the excess power purchase system is applied for
residential customers.

Figure 2-24: Mechanical watt-hour meter (left), and Electronics watt-hour meter (right)
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9. Balance of system selection
9.1Power Conditioning System (inverter)

For the selection, it is necessary to check output capacity, PV array’s output voltage and DC
output voltage range. Also, it requires to make sure whether the voltage and the electrical mode
are match with the grid power side (utility power side), and check a protection device, power
quality (voltage, frequency, power factor), and supply stability (less noise occurrence, less high
frequency wave occurrence, stability of start and stop operation) and so forth. (It requires to check

with a manufacturer about installation requirements.)

@ Requirements for the installation place

>
>

>

The installation place shall ensure easy construction, maintenance, and inspection.

It needs to keep a necessary space to avoid the increasing temperature generated by
PCS and other equipments.

It should avoid these places for installation under a dusty, dew condensation, corrosive
gas environment.

® Precautions to carry-in and installing work

» The size and weight vary depending on the rated capacity, hence the consideration of
lifting devices including a crane preparation is required for the large-scale PCS.

» Since the PCS for industrial use (100 to 700kg) is a self-standing type and a large-scale,
delivery, unloading and installation methods (tied by foundation bolts, anchor bolts)
should be considered.

» The self-standing PCS requires the consideration of leveling work (horizontal adjustment)
and arrangements for neighboring equipment.

> In the case of indoor installation type, the acceptable noise level is between 35 to 40db.
Hence the consideration of installation place is required if the noise is bothered.

i More than 150mm More than 100mm ::
- > PCS -
X Basically keep X X > PCS
space on both A ?
right and left side More than Front
Front 800mm
Y

Figure 2-25 Sample of installation space of stand-alone type PCS
(Source : NEDO "Guidebook for an installation of a PV powergeneration”

*This is just an example. Installation space varies depending on the model, so please follow the

manufacturer’s instruction.
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® Function
A power conditioning system performs to convert DC into AC, and further controls frequency,

voltage, current, phase, real power and reactive power, synchronization, output quality (voltage

fluctuation, harmonic), as following functions:

mAutomatic start / stop:
the function performs start and stop operations automatically within the range of retrieving the
output from PV module effectively as much as possible according to the solar irradiance
condition from sunrise to sunset.

mMaximum Power Point Tracking:
the function responds and controls the output voltage and current fluctuation due to the
change of the PV module’s temperature and solar irradiance to get the maximum output
power from PV modules by the operating point of a PV module always tracks the maximum
output point.

mlslanding operation detection:
Since output voltage of inverter does not fluctuate if the output power of load power is the
same as the output power of inverter at the time of the power failure by the grid side, it is
difficult to detect power failure. Hence, electricity may still supplies from the system to the grid
side. This is called islanding operation. In this case, electricity flow into the distribution line
that supposed to be failure, and it is very dangerous for the security inspectors, islanding
operation detective function is installed.

mAutomatic adjustment of voltage:
When operating reverse power flow (flow to the grid) of excess power, the voltage at the
receiving point goes up due to the reverse power flow, and it may exceed the operating range
of the grid. Therefore, in order to keep proper voltage of the grid, it is operated to protect from
voltage rise automatically.

mParallel off / stop when abnormal event occurs:
When abnormal event occurs in the inverter or the grid side, parallel off or the stop operation
of inverter is performed safely upon receiving the error detection.

For the inverter selection, it should determine in consideration of maximum output (system
capacity), output voltage, with or without storage battery, necessary functions and so forth. Hence,
capacity of inverter that matches with a system capacity is required. In addition, it is necessary to
match the range of output voltage (DC) with a range of DC input voltage. If having a storage
battery, it is necessary to match with voltage of PV module, voltage of a storage battery and DC
input voltage of the inverter.

-61-



@ Protection facilities with grid-connected operation

In a PV power system that is operating under the grid-interconnection, when abnormal
event occurs to the grid side or inverter side, the problem should be detected, the inverter
should be stop operation promptly, and the safety of the grid side must be ensured. Therefore,
installation of the grid-connected protective equipment (or with the equivalent circuit) is
obligated in the Official Interpretation of Technical Requirement of Electric Facilities and the
Grid-interconnection Technical Requirement Guidelines on Quality of Electricity in Japan.
Generally, the grid-connected protective equipment is in the PCS

In the low-tension interconnection system with reverse power flow, over voltage relay (OVR),
under voltage relay (UVR), over frequency relay (OFR), under frequency relay (UFR) are
necessary to install. In the high-tension interconnection, over voltage ground relay (OVGR) is
necessary to install. The installation place of the protection relay for the high-tension
interconnection, practically the output point of the power conditioner is fine, except over
voltage ground relay. Table oo shows the standard setting value and the settling time of the
protection relay. The over voltage ground relay requires detecting the ground fault (mainly
fault contact by high and low voltage) of the high power system, hence capacitor voltage
transformer (CVT) requires installing to the high voltage side.

It requires having a prior consultation with a utility company about protection facilities with
grid-connected operation, so it should have a sufficient discussion before selection.

Table 2-18 Setting value samples of protection relays

Type Setting value Setting time Fail-safe action
1. UVR 80V(160V) 1 Shutdown of grid-connection, standby
2.0VR 115V(230V) 1 Shutdown of grid-connection, standby
3. UFR 48.5Hz/59.0Hz 1 Shutdown of grid-connection, standby
4. OFR 51.0Hz/61.0Hz 1 Shutdown of grid-connection, standby
5. Recovery timer 150sec/300sec Keeping a standby status after recovery from
the power failure

(Remarks] Setting values in the brackets are for 200V.

PCS \:Turn on when grid-connected operation
PV amray I 7 N-(-Zonverter ﬁ-er? N ;Utility grid
bo l,,.-.,w-\, H< 7 ‘< —— S
i T (l ﬁLLoad

.| Voltage and current control
function

MPPT Grid-connected

«| Protection function o
Islanding operation detective
function e———

Control circuit  Turn on when isolated operation

Figure 2-26 Configuration of PCS without transformer

(Source: Japan Photovoltaic Energy Association “A design and construction of a PV power generation system”)
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9.2 Junction Box

In order to collect the output of multiple PV modules into an electric circuit, separate the electric
circuit from the grid to make inspection work easy during maintenance and inspection, and also
minimize the stop operation area when the failure occurs on a PV array, it is important to install a
junction box to the place where maintenance and inspection are easy.

@ Requirements for the junction box specification

Check number of switches on the PV array side

Check if lightning arrester and blocking diode are set

Check a wiring connection method (shape of terminals, type, etc.)

Check the case size, for outdoor or indoor, material, waterproof, paint and so forth.

YV V V V

@ Precautions to installing work
» Check the installation place that inspection and maintenance can be performed easily.
» Forindoor installation, it should be aware that many cables are brought in an indoor.
» When the installing, a junction box should be fixed by screws and bolts referring to the
product instruction manual.

Short circuit detector

(original device for
Wakkanai site)

Blocking diode

Master MCCB

Radiator plate

SPD

Disconnecting terminal

Figure 2-27 Junction box
(Source: NEDO “the manual for installation of a large-scale PV power generation system”)
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9.3Supervisory control system

In a large-scale PV power plant, usually 24-hour supervising is not conducted that is
different from thermal and nuclear power plants. Regarding the classification of supervisory
control system, there is no clear description for the large-scale PV power generation.
Therefore, it is commonly apply the definition of supervisory control system in a hydro power
plant that is specified in “the power generation and transformation code” at present. (refer to
Table 2-19). The explanation of the power plant facilities that 24-hour supervising is not
conducted, is in the “Interpretation of technical standards for electrical equipment”

Table 2-19 Definition of supervisory control systems (in a hydro power plant)

Classification Type Definition
Continuous Continuous supervisory Technicians are in the power plant or in the
supervising at a control system by a same premises for 24-hour to perform
power plant technician on-site surveillance of the power plant and operation
of equipment on-site.
Not supervising Remote supervisory Technicians are in the control station all the
continuously in a control system time to perform surveillance of the power
power plant plant and operation of equipment from the
control station.
Occasional supervisory In the power plant equipped with an
control system automatic load regulation equipment or

automatic load limiting device, technicians
are either in the power plant or in the
engineer station outside of the power station
all the time, and go to the power plant as
needed to perform surveillance of the power
plant and operation of equipment in the
power plant, or go to the control station from
the engineer station as needed to perform
surveillance of the power plant and operation
of equipment from the control station.

Occasional patrol system | In the power plant equipped with an
automatic load regulation equipment or
automatic load limiting device, a technician
goes to the power plant at some interval to
perform surveillance of the power plant and
operation of equipment in the power plant.

Since it needs to contact a utility company when the failure occurs in the grid side and a power
plant side, it is necessary to discuss with a utility company about the communication structure and
a means of contact.
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10. Consideration of interconnection point
Negotiation on grid-connection is a plan and a discussion in order to convert the electricity from PV
system into specified voltage and frequency to connect the utility power.

In a wiring plan on the basic design stage, it is necessary to study on the connection point
and the protection relay. Discussion is not needed on this stage. Also, when connecting to the
existing building, it is necessary to obtain a completion drawing, and estimate the
classification of power supply connected, also check if the drawing suits the current condition
by the site survey and the verification with the existing building.

When the connection point is at the commercial power, it is necessary to study on the
grid-interconnection by a utility company. In this case, it needs to submit the application for PV
power system installation as well as necessary documents for the consideration of
grid-interconnection. The connection point should be near the utility company’s existing
transmission and distribution lines in principal, it will be finalized by the utility company after
checking the request from a PV power producer. In principal, the system access facility from
PV power system to the connection point is built by a PV power producer; the distance to the
connection point should plan to be the shortest route.

11. Estimation of PV power generation
11.1 Calculation of power generation
In case of an off-grid PV system, the capacity of PV array can be calculated based on the power
consumption by necessary loads. However, a grid-connected PV system has no correlation
between its generation capacity and load. Therefore, the system capacity is determined according
to the installation site (area) in many cases. Accordingly, we shall make a careful survey of the
installation area of the PV array, then find the array capacity, and finally design the whole system.
Expected annual energy Ep can be represented by the following equation:

Ep=ZHA/GS - K PAS

where Ep = Expected annual energy (kWh/year)
Ha = Average daily irradiation on monthly basis (kWh/m?/day)
Gs = Irradiance under standard condition = 1 (kW/m?)
K = Total design factor (= Kd x Kt x nny)
*DC correction factor Kd:
Corrects change in solar irradiance due to stains on PV cell surface and characteristic
difference in PV cell. Kd is about 0.9.
*Temperature correction factor Kt:
Corrects temperature rise of PV cell and change in conversion efficiency due to
sunlight. Kt is about 0.85.
Kt=1+a(Tm-25)/100
where
a: Temperature coefficient at max. output (= -0.5%/°C for crystal)
Tm: Module temperature (°C) = Tav + AT
Tav: Monthly mean temperature (°C)
AT: Module’s temperature rise (°C)

Rack-mount type 18.4
Roof-mount type 21.5
Roof integration type 28.0
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* PCS efficiency ninv:

AC/DC conversion efficiency of inverter. nny is about 0.92.

* Pas = PV array output under standard condition (kW)
Standard condition:
AM = 1.5*; Irradiance = 1 kW/m?; PC cell temperature = 25°C
*AM (Air Mass):
Ratio of distance that sunlight passes through atmosphere at
certain angle to distance that sunlight goes through standard air

vertically (at a standard atmospheric pressure of 1,013 hPa).

Note that Z means the total of expected energy found on a monthly basis.

The equation above shows that we can estimate the annual electric energy if knowing the
irradiation Hp at the installation site, the output power Pas of the standard PV array, and the total
design factor K.

The conversion efficiency of a PV array under the standard test condition is represented by the
following equation, where A is the area of the array.

Ns = Pas/(Gs x A) x 100 (%)

The conversion efficiency of a PV cell or module is also given by the same equation. They are
simply called the conversion efficiency in many cases, so it is necessary to distinguish them. In
general, these conversion efficiencies have the following relationship:

(n of PV cell) > (n of PV module) > (n of PV array)

11.2 Sample calculation of power generation

In this subsection, we find the electric energy when installing a PV array on flat land. The
specifications are shown below.

Output power of standard PV array: 100 kW

PV array’s tilt angle: 30°

Installation azimuth: 0°

DC correction factor Kd: 0.9

Temperature coefficient at maximum output a: —0.5 (%/°C)

Module’s temperature rise AT: 18.4°C

Inverter efficiency nny: 0.92

Monthly mean daily irradiation at tilt angle of 30°: See the following table
Monthly mean temperature: See the following table

CISISICISICICICIC)
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Monthly irradiation and mean temperature

Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.
Irradiation (Ha)

) 3.04 | 3.26 | 3.42 | 3.58 | 3.73 | 3.23 | 3.61 | 3.79 | 3.02 | 2.60 | 2.80 | 2.79
[kWh/m“/day]
Temperature (Tav)

C) 52 | 56 | 85 | 141 (186|217 252|271 232|176 | 126 | 7.9

For example, the electric energy in January is given as follows:

Ep =ZHA/GSXKXPAS

=X Ha/Gs xKdx (1+a(Tav +AT —25)/100) x Ny X Pas

=31%x3.04/1%x0.9x%(1-0.55.2+18.4-25)/100) x 0.92 x 100
= 7,858 kWh/month

Month-by-month calculations with the same equation give the following annual generated energy.
Annual generated energy

Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Total
Monthly generated
energy 7,858 | 7,596 | 8,695 | 8,559 | 9,000 | 7,418 | 8,404 | 8,731 | 6,879 | 6,307 | 6,747 | 7,115 {93,308
[kWh]

11.3 Utilization of simulation software to calculate power generation

The electric energy generated can be given by the equation above. In addition, using simulation
software, such as RETScreen (http://www.retscreen.net/) introduced in the chapter 7 — the method
of system planning (PV system for residential use), makes it easy. It computes monthly electric

energy, CO, emissions, and financial analysis when using this simulation software on a planning
for mega solar system, so the feasibility study can be easily conducted. The software allows the
user to select a variety of analysis types ranging from simple simulations to the in-depth analyses
of costs, CO, emissions, financial data, and risk analysis to meet a wide range of requirements.
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12. Cost estimation

Costs necessary for a grid-connected PV system are classified roughly into two kinds: “total
installation expenses” and “annual expenses.” The former is further classified into two types:
“installation costs” and “land purchasing costs.” The installation costs consist of “system

expenses,” “additional system expenses,” and “renovation expenses.” “Equipment costs” and
“construction costs” are included in the system expenses.

The annual expenses include not only “maintenance and inspection costs” and “repair and
replacement costs” but also “personnel costs” if additional employment is necessary to
maintenance and inspection.

The following shows the diagram of these costs necessary to the PV system.

— Total Installation Cost —— Installation Cost

— System Cost
(Equipment Cost + Construction Cost)

—— Additional System Cost
(Design, Special Cell, Display System, etc.)

—— Renovation Cost

—— Other Cost
| Land Purchasing Cost

_—_AnnualCost —_____ Annual Cost —— Maintenance - Inspection Cost
—— Repair - Replace Cost
—— Manpower Cost
— Land Borrowing Cost
—— Other — Fixed Asset Tax Cost, etc.

(Source: For effective performance of solar photovoltaic system, NEDO)

Figure 2-28 Cost breakdown of grid-connected PV system

The PV system requires no fuel cost and doesn’t include high-temperature or high-voltage
equipment as well as high-speed rotating part. Therefore, the annual expenses tend to be lower
than those for other power generation systems. However, if batteries are used as a backup unit or
for a disaster-proof system, it is necessary to replace them once every seven to nine years.
Accordingly, the replacement costs shall be estimated and included in the annual cost. Note also
that necessary expenses for disposing and recycling of the batteries shall be investigated and
included in the annual cost.

13. Financial evaluation

How to investigate the cost effectiveness of a grid-connected PV system varies depending on
the following two cases: one is the case that an existing entity introduces the system, and the
other is the case that a newly established company begins a power generation business by the PV
system.
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13.1 Introduction of PV system by an existing entity

When an existing company introduces a PV system, we apply incremental financial analysis to
derive returns obtained as a result of it. Necessary expenses include costs for installing the
system and annual costs associated with the system, but the cost for the existing equipment shall
be excluded. Benefits given by the project include an income resulting from the introduction of the
system except the existing equipment. Accordingly, finding the costs shown in the previous
subsection makes it possible to evaluate the cost effectiveness. Note that if the time that it takes to
introduce the system is long, we shall take account of the time value over the period.

Table 2-20 shows information necessary to the financial analysis of the project.

Table 2-20 Information necessary to judge the cost effectiveness of the Project

Item Example Remarks
Construction cost US$XXX

S | Land price US$SXXX

S | Construction

= . X years

@ | period

o . P . .

O Investment XX%, XX% Ex... CI\./” englneerlng work (1st year) +
spending rate Equipment installing work (2nd year)
Operation period XX years

c Unit price of USSXXVKWh

S | energy to be sold

©

L Annual energy to XXX kWh/year | Attention to the annual irradiation

O | be sold
Annual XXX US$/year
expenditure

(Source: Shikoku Electric Power Company)

Next, we create a cash flow based on the information above, find the project internal rate of
return (PIRR) and pay-back period according to the cash flow, and evaluate the cost effectiveness
from the viewpoint of Table 2-21. The PIRR is an index for evaluating the profitability of a project
itself and a cut rate at which the net present value of the project is zero.

Table 2-21: Criteria for evaluating the cost effectiveness

Item Example Judgment criteria

* Does the project satisfy action criteria?

PIRR XX % ,
* Do returns correspond to risks?

Pay-back period XX years * Is the project below an expected level?
(Source: Shikoku Electric Power Company)

When various conditions change, in many cases, we conduct sensitivity analysis to check how
the judgment criteria vary and to review the allowable variation range of introducing the system.

The following shows an example of the sensitivity analysis. In a certain project whose PIRR is
10.8%, the example indicates how the rate varies when the electric charge and power station
construction cost have a 10% variation. Assuming that the threshold of the judgment criterion is
10%, the project feasible range is represented by yellow cells in Table 2-22.
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Table 2-22: Relationship between the construction costs and electricity tariff in a feasible power station

Electricity tariff
10.8%] 90%] 92%] 94%] 96%] 98% 100%] 102%] 104%] 106%]| 108%] 110%
110%] 7.9%| 8.2%| 8.5%| 8.8%] 9.1%| 9.4%| 9.8%| 10.1%| 10.4%| 10.7%| 11.1%
108%) 8.1%| 8.4% 8.7%| 9.0% 9.3%| 9.7%| 10.0%| 10.3%] 10.7%| 11.0%] 11.4%
106%] 8.3%| 8.6%] 8.9% 9.3%] 9.6% 9.9%| 10.3%] 10.6%| 11.0%] 11.4%| 11.7%
104%]) 8.5% 8.8%f 9.2%[ 9.5% 9.9%| 10.2%| 10.6%| 11.0%] 11.3%] 11.7%] 12.1%
102%) 8.7%| 9.1%| 9.4% 9.8%| 10.2%| 10.5%] 10.9%| 11.3%] 11.7%| 12.1%| 12.4%
100%] 8.8% 9.2%] 9.6%| 10.0%] 10.4%]| 10.8%| 11.2%] 11.6%| 12.0%] 12.4%| 12.8%
98% 8.9%] 9.4%] 9.8%| 10.2%] 10.6%] 11.0%] 11.4%| 11.9%] 12.3%| 12.7%] 13.1%
96%] 9.1%] 9.5%] 9.9%| 10.4%] 10.8%| 11.2%] 11.7%| 12.1%] 12.5%| 12.9%| 13.3%
94%] 9.1%] 9.6%] 10.1%] 10.5%] 11.0%] 11.4%] 11.9%| 12.3%] 12.7%| 13.2%| 13.6%
92%] 9.2%] 9.7%] 10.2%| 10.6%] 11.1%] 11.6%] 12.0%| 12.5%| 12.9%| 13.4%| 13.8%
90%] 9.3%] 9.8%] 10.3%| 10.8%] 11.2%| 11.7%] 12.2%| 12.7%] 13.1%| 13.6%| 14.0%

Power station construction cost

(Source: Shikoku Electric Power Company)

13.2 Introduction of PV system for commercial power generation by a new entity

If a company newly established offers a power generation business with the PV system, it is
necessary to check the sound management and operation of the entity itself. Particularly, if the
entity relies on project finance to collect money, work for evaluating the cost effectiveness
increases.

To put it more concretely, following information as shown in Table 2-23 will be required.
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Table 2-23: Data necessary to a survey of the cost effectiveness
(based on project finance)

Item Example Remarks

Construction

_ | cost US$XXX

% Land price US$XXX

2 | Construction

g period X years

O | Investment Ex.:Civil engineering work (1st year) +
spending rate XX%, XX% : : :

Equipment installing work (2nd year)

Operation period X years

c Unit price of

S |energy to be US$XXX/kWh

© | sold

2 | Annual energy to ] o

O | pe sold XXX kWh/year Attention to the annual irradiation
Annual
expenditure XXX US$/year
Financing ratio XX% Necessity of talks with banks

[0

% Interest rate XX% Necessity of talks with banks

£ | Financing Period X years Necessity of talks with banks
Paying method Interest or level Necessity of talks with banks

c | Depreciating Fixed amount or

2 thod

R me percentage

§ Depreciating .

& | Period X years Required legally

(| .
Residual value XX% Required legally

(Source: Shikoku Electric Power Company)

Next, financial documents shall be created such as balance sheet, profit and loss statement,
and cash flow statement based on the information above. Then the equity IRR and pay-back
period will be derived according to the cash flow, in order to evaluate the cost effectiveness from
the viewpoint of Table 2-24. The equity IRR is the ratio of profits throughout the business period
to equity capital, which corresponds to a cut rate at which the present value of money invested
by the entity is equal to that of dividends. Note that we also need to check the financial
statements to judge the sound management of the entity (e.g. whether debts are excess or
whether deficit operation continues).

Table 2-24 Criteria for evaluating the cost effectiveness

ltem Example Criteria
. * Does the project satisfy investment criteria?
0,
Equity IRR XX% * Do returns correspond to risks?
Pay-back period XX years | ¢ Is the project below an expected level?

(Source: Shikoku Electric Power Company)

Finally, we conduct sensitivity analysis as shown in the previous subsection 1).
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14. Preparation of a basic specification
14.1 Preparation of a basic specification (draft).
Prepare a draft basic specification based on a basic plan and a system design.
The items and the entry examples to specify in the draft basic specification are shown as
follows:
@ PVcell
(i) Output of PV cell (kW)
Output (scale) of PV cell should be specified. Which portion of output to define as the output
of the PV cell is important.

e.g. It should be more than 00kW. However, the output capacity figure should be at the output
terminal of PCS.

(ii) Installation area
It should be specified possible PV system installation area. The installation area should be in
consideration of sufficient space for maintenance and the shadow impact by a front PV array.

‘ e.g. It should beoom? or small.

(iii) PV module performance
Each condition relevant to the performance of PV module should be specified.

Example: The PV module shall have the performances based on each following standard.

< Crystalline PV cell >

A crystalline PV cell is examined by the method stipulated in JIS C 8917 “Environmental and
durability testing methods of crystalline PV cell” and satisfied with the performance stipulated
in JIS C 8918 “Crystalline PV module”.

< Amorphous PV cell >

An amorphous PV cell is examined by the method stipulated in JIS C 8938 “Environmental
and durability testing methods of amorphous PV cell” and satisfied with the performance
stipulated in JIS C 8939 “Amorphous PV module”.

< Other PV cells >

The items that are not described in this specification, shall comply with the following standard,
specification and so forth.

-JIS C 8918 [Crystalline PV module |

-JIS C 8939 [Amorphous PV module]

-JIS C 8917 [Environmental and durability testing methods of crystalline PV cell |

-JIS C 8938 [Environmental and durability testing methods of amorphous PV cell |
-IEC61215Ed.2 Compliance test standard of crystalline silicon PV module performance ]
-IEC61646Ed.2 Compliance test standard of thin film PV module performance |
-IEC61730-1Ed.1 Conformity approval for safety PV cell: requirements for the structure |
-IEC61730-2Ed.1 Conformity approval for safety PV cell: requirements for the test]

Even if there is no statement in this specification, but requires to fulfill as a completed product,
it should be included in this specification.
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(iv) Annual energy production
The conditions such as estimation of annual PV energy production and so forth are
described, and also it specifies submitting the estimation result of the annual PV energy
production. It is necessary to check that the estimation result of the annual PV energy
production is the same result of the one that was made at the time of system design.

e.g. The annual energy production by PV module is calculated based on following conditions,
and submit it when submitting the quotation.

+ Annual average figure on Kume Island Okinawa by METPV-3 is used as the solar radiation
condition.

+ Installation angle of PV module is at 5 degrees.

+ The azimuth is designated separately.

+ Loss by DC wiring should be 2% and below.

+ The generated energy is given by the voltage at the DC terminal of PCS times the current at
the DC terminal of PCS.

+ The following loss factors stipulated in JIS C 8907 “Estimation method of generating electric
energy by PV power system” is at 1.0:
“Solar irradiation annual variation correction factor”, “PV array circuit correction factor”, “PV
array load matching correction factor”

+ Aged deterioration correction factor stipulated in JIS C 8907 “Estimation method of
generating electric energy by PV power system” is at 0.95. However, if seasonal variation of
output characteristics is identified, specifies the value to use.

(v) Power generating cost
Calculate power cost using the estimation result of energy production and the system
estimation cost in the system design, then required power cost is specified.

e.g. The power cost in consideration of useful life-span of oo years, shall be atooyen/kWh and
below.

(vi) Conversion efficiency of PV module
The conditions pertaining to PV module conversion efficiency are specified. On the
conditions of PV module conversion efficiency, when the conversion efficiency sets at low,
many types of PV modules will be applicable.
e.g. Basically, it should be more than 10%.
Conversion efficiency should not drop from the following values by aging.

» Characteristics of initial degradation: The maximum output shall not be lower than the output
lower limit (90% of nominal value) stipulated in JIS C 8918 “Crystalline PV module”.

- Characteristics of long-term degradation: The maximum output, either the nominal maximum
output stipulated in JIC C 8918 “Crystalline PV module” or the output value at the time of
shipment from the factory whichever is lower, shall be at -10%/ten years.
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(vii) Azimuth and tilt angle
The conditions pertaining to the azimuth and the tilt angle of PV array are specified. Since
the azimuth and the tilt angle of PV array significantly affect on the energy production
depending on the conditions, these are the key points. Also, it is necessary to determine the
tilt angle in consideration of sliding down of the snow in the snowy region.

e.g. The installation azimuth angle shall be at zero degree due south as much as possible.
However, up tox45 degrees are allowable.
The installation tilt angle is fixed at codegrees.

(viii) Insulation characteristic
The conditions relating to insulation characteristic are specified.

e.g. Insulation resistance: Measure the insulation resistance by an insulation-resistance meter
(rated measured voltage at 500V) and it should be more than 50MQ. However, the rated
measured voltage of the insulation-resistance meter is at 1,000V, it should be more than
100MQ.

@ Power conditioner(PV-PCS)
(i) Number of unit installation
The conditions relating to number of PCS installation are specified. It is necessary to
determine in consideration of risk diversification due to capacity factor drop when the PCS
failure, and the maintenance cost after installation.

e.g. It will be necessary number of unit. Approximately it will be oo units if it's between ookW
to ookW.

(ii) Rated capacity
The conditions of the rated capacity are specified. Actually, number of installation unit is
determined by the rated capacity.
e.g. Rated capacity is between cokW to ookW, 440V.
However, rated voltage can be changed by manufacturer’s recommendation.

(iii) Conversion efficiency
The conditions relating to conversion efficiency are specified. Since conversion efficiency
affects power production, but the installation cost will be high if conversion efficiency sets high,
so it should be noted.

‘ e.g. 00% and above (30~100%at the time of output)

(iv) Protective function
Necessary protective functions are specified.

e.g. Grid side: overvoltage by the grid, undervoltage by the grid, high frequency by the grid,
frequency drop by the grid
DC side: overvoltage by DC, overvoltage by short circuit, overcurrent by DC
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(v) lIslanding operation detection
Detection of islanding operation is specified.

‘ e.g. Implement detective function of islanding operation passively and actively.

@ Layout
(i) Shape of PV array
The conditions pertaining to PV array shape are specified. If it is not necessary to limit the
conditions, a proposal from a manufacturer can be applied.

e.g. The shape of a PV array shall be the standard shape of a manufacturer, unless it is
necessary to partially modify its shape to conform to the land shape.

(ii ) PV array height
The condition of PV array height is specified. In the snowy region, the height sets in
consideration of the amount of fallen snow. The condition sets also in consideration of
maintenance of PV array.

e.g. The height of PV array should be ocomm from the ground. (excluding the height of the
foundation)

(iii) The distance between the east and the west of PV array
The distance between the east and the west of PV array is specified. The distance between
the east and the west of PV array needs to take into consideration the maintenance space
and the shadow impact by a front PV array.

‘ e.g. It should be the minimum requirement. (ocom and above)

(iv) Reference wind speed
Reference wind speed required for the designing of PV array rack and foundation, is
specified. (In Japan, the reference wind speed in each area is stipulated by the Building
Standard Law.)
‘ e.g. Reference wind speed is at 46m/s.

(v) Terrain category
The terrain category required to design the PV array rack and the foundation is specified.

‘ e.g. Terrain category is class Il.

(vi) Wind load, seismic load
The usage factors of both wind and seismic loads required for the designing of a PV array
rack and a foundation, are specified.

‘ e.g. The usage factor for wind load is at 1.32, and the usage factor for seismic load is at 1.5.

(vii) Strength calculation
The usage factors of both wind and seismic loads required for the designing of a PV array
rack and a foundation, are specified.

‘ e.g. It requires submitting a strength calculation sheet including PV array, rack and foundation.

-75-



(vii) Corrosion protection
Corrosion protection that is considered its necessity from a preliminary environmental
survey at the installation site, is specified.
e.g. The bolts and nuts using for the installation should be made from the material with
corrosion protection that is a stainless steel or more than equivalent. Also, these are
finishing with hot dip galvanizing (equivalent to HDZ55), or equivalent to this.

(ix) Installation plan

Submission of a layout plan, a standard structural drawing and a strength calculation sheet
for a PV array is specified.

e.g. Make an installation plan of a PV array, and attach it to an estimate specification together
with the standard structural drawing and the strength calculation sheet of a PV array that
are used for the installation plan.

@ Lightning protection
(i) Equi-potential bonding

The content of the equi-potential bonding pertaining to the lightning protection is specified.

e.g. Grounding that is newly installed in the testing facility (PV power generation system), all
the grounding should be the potential equalization, and build a system to reduce a
potential difference occurring in the conductor that connects to multiple grounding
electrodes in the facility, due to rising earth potential at the time of lightning strike. For the
conductor connection, direct conductor or SPD should be used.

(i) Installation of SPD
For the protective measure from indirect lightning stroke, installation of SPD is specified.
e.g. The protection for the testing facility and equipment from indirect lightning stroke, zinc
oxide type SPD (JIS C 5381-1)should be installed. The equipment for protection by SPD
should include all the equipment that may suffer failure damage by indirect lightning
stroke. JIS study data by domestic testing facility should present at delivery.
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® Check list

When a manufacturer requests for a quotation specification to present, it is necessary to check
whether the contents of a quotation specification match with the contents of a purchase
specification created by the orderer based on a check list. A sample of check list shows as below.

Table 2-25 Check list (sample)

Warranty

oDelivery date specified in the specification is assured?

oWarranty detail is specified?

oWarranty period is satisfied with the period and the detail designated in the specification?

Quotation

oRequired number of copy of quotation and quotation specification are submitted?

oComprehensive construction schedule is attached?

oConstruction plan is attached?

oTemporary installation plan is attached?

oTransportation plan is attached?

oConstruction organization chart is attached?

oVendors list is attached?

oQuotation classification is the classification designated by the specification?

General
instructions

oTesting and inspection meet the items specified in the specification?

oConstruction contractor meet the requirement?

oQuality management meet the items specified in the specification?

oTraining is considered?

Construction

oConstruction management system and Safety measure are appropriate?

oSite manager is selected as the person who is expert in the construction?

oSafety manager is selected as the person who is expert in safety regulation?

oEnvironmental conservation is considered?

oConstruction meets the Compliance pertaining to environmental conservation
specified in the specification?

PV module

oOutput level of PV module is the designated output level?

oThe type of PV module is the same kind?

oPV module is selected in order to meet the designated specification?

oAnnual energy production is attached?

oPower cost is attached?

oLightning protection is considered?

Foundation

oFoundation design is considered?

PV rack

oDesign of PV array rack is considered?

olnstallation direction is a designated one?

oReference wind speed and terrain category are as per designation?

oSalt damage countermeasure is considered?

oUsage factors of wind load and seismic load are designated values?

ols there any description about the submission of strength calculation sheet
including PV array, rack, foundation?

oPV rack is a hot dip galvanizing or paint finish, or equivalent to these?

oThe bolts and nuts using for the installation are made from the material with
designated corrosion protection?

PV array

olnstallation plan of PV array is attached?

oStandard structural drawing and strength calculation sheet for a PV array are attached?

Junction Box

oJunction box is the designated specification?

Grounding oGrounding plan is considered?
PV-PCS oConversion efficiency meets the designated value?
oLightning protection is considered?
Electric oNecessary electrical facilities are considered?
equipment oLightning protection is considered?
Data oData meet the measurement item designated in the specification?
collection oData meet the basic specification designated in the specification?
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Chapter 3 System Installation and Commissioning
1. Outline procedures for system installation and commissioning

The installation work of a grid-connected PV system consists mainly of six tasks: the foundation
and installation work of the PV array, the foundation and installation of the power conditioning
system (PCS), the installation work of the junction box, the installation or renovation work of the
distribution board and watt-hour meter, cable installation work, and commissioning inspection. In
addition, it is necessary to ground the steel racks, metal housings, and metal pipes to avoid a
ground fault due to earth leakage. In Japan, necessary safety measures shall be taken in
accordance with the Industrial Safety and Health Act and related laws. Unlike a general power
generator, the PV cell generates power whenever it is exposed to sunlight, so we shall take special
care not to be involved in an electric shock.

Foundation work for

Foundation work for PV array
Power Conditioning

system (PCS)

(Waterproofing work)

Installation work for rack

mount of PV array

Installation or renovation

Installation work for work for power
Installation work for PV array Installation work for PCS

Junction Box distribution board

Grounding work '— Installation or renovation

work for watt-hour

\ 4

Cable installation work

meters

*Cables between PV modules

*Cables between Junction Box and PCS
*Cables between PCS and Distribution Board
«Cables for watt-hour meters

*Cables between storage battery and PCS (if any)

Commissioning Inspection I

(Source: For effective performance of solar photovoltaic system, NEDO (modified by JICA Senior Advisor))

Figure 3-1: Procedures for system installation and commissioning

In Japan, the introduction of grid-connected PV systems is recently increasing rapidly. As a
result, it is said that there are many low-quality installation works to be avoided. The responsible
authority is now trying to introduce a qualification system for certifying that technicians who install
PV systems in general houses have learned required skills for installation, maintenance, and
inspection methods. In other developed and developing countries, the establishment of similar
qualification systems is under way as a measure for increasing number of PV systems introduced.
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2. Installation work for PV array
1) Standard procedure for installation work

Figure 3-1 shows detail procedures for installation work of PV array included in Figure 3-2. We
assemble the rack on the foundation and then fix the PV modules to the rack with bolts and
brackets to constitute the PV array. The carry-in and assembling work of steel frames for the rack
requires a protection sheet to prevent them from coming into direct contact with a floor or the
ground. In addition, to reduce the risk of theft and vandalism during installation, it is necessary to
prepare an appropriate security system at a place where the PV modules are kept temporarily.

As an example, this subsection describes procedures for installing a ground-mounted PV array
and precautions for each process.

(PMarking

0

(@Foundation work

2y

(lnstallation of Rack mount

s

@lnstallation of PV-module
®Wiring between modules

I

®Confirmation of PV-array output
(7)Groundina

®Wiring from PV-array to junction box

(Source: Guidance for introduction of PV System, JPEA)
Figure 3-2: Procedures for installation work of PV array

Figure 3-3 Installation of ground-mounted PV array
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(i)  Marking work

» Conduct marking work according to the
design drawings including the layout of
racks and modules and the manufacturer’s
construction manual.

» Note that it may be necessary to adjust the
position of anchors at the site because it
varies depending on the shapes of the
roofing material and frame shape.

(ii) Foundation work
» Check the foundation pitch and shape

(iii) Rack installing work
» Temporarily put and fix racks on the ground
according to the layout drawing.
» After the final fixation, check whether each
joint is secured.

(iv) PV module installing work
» .Temporarily put and fix PV modules on the
rack according to the layout drawing.
» .After the final fixation, check whether each
module is fixed securely with bolts and nuts.
» Check the modules by appearance.
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(v)  Wiring between the PV modules
» .Connect cables while checking the
polarities (+/-).
» Take care not to receive an electric shock
during wiring.

(vi) Inspecting the PV array output
» .Use a tester to measure the open-circuit
voltage of each string of the PV array.
» Check whether the measured voltage does
not vary significantly between the strings.

(vii) Grounding work
» .Check where is grounded.
» Follow relevant laws to do grounding work.

(viii) Wiring from the PV array to the junction
box
» .Check the wiring route from the PV array to
the junction box in advance.
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3. Installation works in extreme climate conditions

When installing a PV system in any of the following environments, the special method of
assembling the PV modules and members shall be applied. In addition, regular maintenance may
be necessary. The following shows precautions to this work.

(i)

(iif)

YV V V VY

\4

A\

A\

A\

Heavy snow region

Checking that the PV module and rack withstand the snow load.

Mounting the PV module at an angle where snow slides down.

Elevating the ground-mount or deck-mount type not to be covered with sliding snow.
Reinforcing the module frame with the rack to prevent it from being broken by sliding
snow.

Checking the PV array for damage, deformation, and loose joints during maintenance
work.

(Source: For effective performance of solar photovoltaic system, NEDO)

Figure 3.2-4: Installation of PV array in heavy snow area

Cold region

Arranging a sufficient number of drip holes and giving an enough slope to the PV module
to prevent water from staying around the array.

Checking the PV array for no damage, deformation, and loose joints during maintenance.

High-wind region
Checking that the PV module and rack withstand the wind load.
Keeping the maintenance work safe (e.g. the installation of a fence).

Region exposed to salt
Giving corrosion resistance to materials to be used.
Taking measures to avoid electrical corrosion between different
types of metals.
Doing regular maintenance including cleaning.
Checking the PV array for neither erosion nor electrical
corrosion during maintenance works.
Checking the PV module for no degradation in the electrical

properties, such as the output power and insulation Caulking the contact surface

. ) between the rack and foundation
performance during maintenance works.
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4. Installation work for balance of system (BOS)
@DPower conditioning system (PCS)

The method of installing the PCS varies depending on the installation sites. The outdoor
installation generally requires the concrete foundation of the PCS. Therefore, we need to keep
routes for a required piping system for cables and check the installation procedures before the
installation work. When using metal racks, it is necessary to prepare rustproof and
corrosion-resistant measures, particularly in easy-to-rust bolts and brackets.

Self-standing Indoor Type (10kW) Wall-hanging Outdoor Type (10kW) Self-standing Outdoor
Type (250kW x 4)

Foundation work for PCS

(Source: For effective performance of solar photovoltaic system, NEDO)

Figure 3-5: Installation of power conditioning system (PCS)

The following shows requirements for and precautions to the installation of the main body of
the PCS.

ORequirements for the installation place
» The installation place shall ensure easy construction, maintenance, and inspection.
» In the indoor installation, ventilators shall be prepared to avoid increasing temperature in the
room.
No water shall condense and no dust shall be generated in the installation place.
The PCS shall not be exposed to direct sunlight as a possible extent.
There is no noise in the installation place.

YV V V V

In the outdoor installation, it is necessary to take measures to prevent reptiles or insects from
entering into the PCS.
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OPrecautions to carry-in and installing work
> The large-scale (heavy in weight) PCS requires the consideration of delivery and unloading
methods because it is necessary to make a request for heavy machines including a crane.
» The self-standing PCS requires the consideration of leveling work (horizontal adjustment)
and arrangements to neighboring equipment.
> Attention shall be paid to the surrounding environment, for example noise levels during
work.

®@Junction box and cable collection box

When installing the junction box, installation sites shall be selected in consideration of as short
distance to the PV array as possible, wiring routes to the PCS, and conditions for maintenance. If
the PV array is mounted on an inclined rack, it is standard to arrange the junction box on the rear
side of the array. This installation has advantages: wiring work is easy because the PV array is
near from the junction box, and sunlight little increases the temperature of the junction box
because it is shaded by the array. In summary, the junction box shall be installed in such a place
easy to access in consideration of operation and maintenance works in case of faults and regular
inspections. When installing the PCS with a built-in junction box indoors, wiring routes shall be
investigated in advance because the number of lead-in cables increase.

(under the shade of PV array)

(Source: For effective performance of solar photovoltaic system, NEDO)

Figure 3-6: Installation of junction box

If the number of circuits supplied from the junction box exceeds that of input ports for PCS, a
collection box is necessary. For the collection box, we shall select a place that is located between
the junction box and PCS, and that makes maintenance easy. Note that the outdoor installation of
the junction and collection boxes, particularly in an area exposed to salty damage, requires the
products to have protection levels (e.g. IP: International Protection) suitable to the surrounding
environment.

-84-



@Circuit breaker
» It is necessary to check the specifications of the main circuit breaker in the existing
distribution board (power receiving unit) to determine whether or not to change it.
> New load break switches or circuit breakers dedicated to the PV system shall be installed.

@watt-hour meter

Selling excess power to the power company requires the installation of new watt-hour meters for
sale. In this case, the entity who owns the PV system shall have talks with the power company
about the following tasks:

» Replacement of the conventional watt-hour meter (for purchase) with new one which rotates

in single direction.

» Who shall pay the replacement cost for the meter.

» Procurement and installation of the watt-hour meter for sale.

» Who shall pay the installation cost for the meter.

®Surge protection device

If installation of lightning protection device is required according to the existing regulations in the
country, such as building codes and technical standards, the PV array shall be installed in
consideration of the distance to the surge protection device and the shield angle. In an area that is
often struck by lightning, lightning rods may be voluntarily installed even if there are no
requirements by existing regulations.

®sStorage battery (if any)
The installation of storage batteries requires the following considerations:

OConsiderations to the installation place
» The battery shall not be exposed to direct sunlight.
No water shall be condensed and no dust shall be generated.
Ventilation connecting to the outside shall be kept.
The floor of the electric room shall withstand the battery weight.
The battery system shall have structure so that any battery does not move, fall down, or
come off due to seismic vibration.

YV V V VY

OConsiderations to the operation methods
» A combination of new and old batteries shall be prohibited.
» A combination of batteries having different types or capacities shall be prohibited.
» The batteries shall not be left in an idling state for long hours.
» Care must be taken not to receive an electric shock because the batteries connected have
high voltage.
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5. Cable installation work

Most of cabling works on general premises are the parallel connection of AC loads. However, in

case of a PV system, DC cables are installed between the PV module and the PCS, moreover

series and parallel connections are mixed, so cares shall be taken not to connect wrong polarities.
Since the PV system is an electrical facility, cable installation works shall be in accordance with
regulations in the country. This subsection describes requirements for wiring the components.

@D Between the PV modules

>

We connect cables between the PV modules in parallel with the installation work of PV
modules. In general, the cables are left exposed rather than pass through pipes or ducts.
Dedicated metal ware shall be fixed to the rack and tie the cable to it. Cable ties shall be
resistant to UV and water.

The number of cables is equal to that of PV modules in series, so labeling a series number on
each cable is helpful to maintenance works.

Normally each cable is connected through the connector attached to PV module, which
ensures level of quality works.

Storage of excess cable Installation with messenger wire

(Source: For effective performance of solar photovoltaic system, NEDO)

Figure 3-7: Cable installation between PV modules

@ Between the PV array and the junction box

>

It is necessary to check who will supply the PV output cable, and the specification of the cable.
In general, the PV module manufacturer supplies the cables, which have a waterproof
connector at one end and can be cut the other end if necessary. In addition, cables to be
connected to the junction box can be cramped by pressure.

The necessary length and size of the PV output cables shall be examined. The length is
derived from the wiring route and the size is given by the length and current capacity. Moreover,
we have to pay attention to a voltage drop (wiring loss).

In the wiring work, we shall take care of the polarities (+/-), waterproof treatment at the inlet of
the junction box, and the predefined tightening torque of the cramp-style terminal.

If the junction box is positioned below the array, the cables shall have a cutwater part. As a rule,
the radius of curvature of the cable shall be at least six times larger than the outer diameter of
the cable. This holds true for pipes—we shall bend them at a radius of curvature at least six
times larger than the inner diameter without deformation.
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PV array PV array

Entrance cap

Cutwater
Bending radius must Joint Box
greater than 6 times
cable's outside diameter
in principal.

Bending radius must

greater than 6 times

pipe's inside diameter
Cutwater and must not deform.
Source: Design and installation work of PV system, Japan Photovoltaic Energy Association (JPEA)

Figure 3-8 Cutwater and bending radius of cables

» When installing the cables through a duct or rack, cares shall be taken to prevent the duct
from being immersed in water, or water from coming through the duct on a rainy day.

(Source: For effective performance of solar photovoltaic system, NEDO)
Figure 3-9: Cable installation between PV array and junction box

® From the junction box to the PCS
» In general, two core single DC cables shall be installed in this section. Therefore, the cable
shall be selected whose current capacity exceeds short-circuit current flowing through the
PV array.
> In the indoor installation of the PCS, the cable used in this section goes through the wall.
Accordingly, a waterproof sleeve or pull box shall be used to avoid water invasion.

@ From the PCS to the connection point with the grid
» In general, three core single AC cables shall be installed in this section. Therefore, the cable
shall be selected whose current capacity corresponds to the output of the PCS.
» Each power company has different interconnection methods for PV system (connection with
the primary or secondary side of the main circuit breaker) and electrical systems
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(three-phase three-wire). Accordingly, those conditions shall be checked in advance.

» All cables shall be connected while paying attention to the polarities (R-S-T).

> When installing the underground cable, the cable depth, burying method, and the interval of
hand-holes shall be confirmed in accordance with existing standards or regulations.

6. Safety management
The installation of a PV system requires safety measures similar to building construction and
electrical works, and following precautions need to be observed:

6.1 Measures against falling accidents
When installing the PV modules on the high place (high-place work), necessary safety
measures shall be taken as shown below.
» Wearing a helmet (safety hat).
Wearing rubber-soled socks or safety shoes having a skid-proof effect.
Wearing a safety belt (lifeline).
Wearing a waist apron to prevent tools or materials from falling down.
Installing scaffolds

YV V V V

In addition, we shall take safety measures to avoid following accidents during work.
> Falling down due to strong wind during carry-in and installation works of a PV module.
» Losing the footing on the glass surface of a PV module.
» Injury by pieces of the broken glass of a PV module when the foot is put on the surface.

6.2 Measures against electric shocks
Connecting a necessary number of PV modules in series increases the open-circuit voltage to
250 V to 450 V, which is relatively high. Accordingly, following safety measures shall be observed:
» Covering the surface of the PV module with a shading sheet before the connection.
> Wearing low-voltage insulation gloves.
» Using appropriately insulated tools.
» Prohibiting work during rain.

6.3 Other safety measures
» When heavy machines including wrecker trucks are used to carry materials and appliances,
temporary protection shall be posted to prevent the arm from approaching the distribution
line, for example covering the line with a protection pipe. Consultation with the power
company is recommended to take measures.
> When cutting materials, it is required to wear safety goggles and a dust respirator.
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Protection pipe for

conductors

(Source: For effective performance of solar photovoltaic system, NEDO)

Figure 3-10: Protection measure for overhead conductors

7. Commissioning inspection

The purpose of commissioning (completion) inspection is to check that the PV system is
installed as shown in the design documents and installation drawings and to transfer the
equipment to the client. If a problem was found during the inspection, the problem shall be
addressed and reported to the client. If necessary, we can ask the client to attend the inspection
as a witness, so it is important to describe inspection procedures and how to inform the client of

the schedule in the bidding document.
Checkpoints upon completion are shown below.

7.1 Visual inspection
OPV array

» Whether the surface is stained or damaged,
the frame is broken or deformed, the rack is
corroded or rusted.

» Whether the rack is grounded.

» Whether to caulk the contact surface between
the rack and foundation and the joints
between the members.

PV array

Earth wire connected to a rack
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OJunction box
> Whether the housing is corroded or damaged,

or the screws on the terminal block are loose.
» Whether the installing position for housing and
waterproof measures are good.
> Whether the cables are connected with the

correct polarities.

OPCS
» Whether the housing is corroded or damaged,

or the screws on the terminal block are loose.
> Whether the attachment state is good or the

cables are connected to the correct polarities.
» Whether a connection with the earth terminal

is good.

OOthers (e.g. watt-hour meter, main circuit breaker,

and breaker for PV power generation)
» Whether the appliances are installed as

designed.
» Whether the cable connecting state is good
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7.2 Measurement and test
OPV array
» Grounding resistance: 100 Q or less (Class D)

OJunction box

» Insulation resistance: 0.2 MQ or over between
the PV module and ground; 1 MQ or over
between the junction box’s output terminal and
ground

» Open-circuit voltage: Not less than the voltage
specified in the module specification (moreover,
the voltage variation of the string circuits shall
be within a certain range)

» Polarities: Each string circuit shall be
connected with the correct polarities (+/-).

Measurement of grounding resistance

OPCS

» Insulation resistance: 1 MQ or over between
the PCS and ground

» Grounding resistance: 100 Q or less (Class D)

» Power receiving voltage: Within the specified
value between the main circuit terminals (e.qg.
200 V = 10% when the rating is 200 V AC in
Japan)

For reference, following description shows how to measure the grounding and insulation
resistance, and the open-circuit voltage as well as circuit diagrams.

@ Grounding resistance test
+ Purpose: To measure the grounding resistance of electric appliances, such as PV arrays and
PCS.
+ Test method: Measurement with an earth-resistance tester.
» Criteria: The measured value shall be 100 Q or less (Class D).

Direct-reading earth resistance

Electrodes are arranged close to a straight line

Earth electrode Auxiliary electrode

. Auxiliary electrode
Earth Auxiliary Auxiliary
electrode electrode electrode

Figure 3-11: Measurement of grounding resistance
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7.3 Insulation resistance test
* Purpose: To measure the insulation resistance of the cable between the PV array and
junction box (DC input terminal) for each string circuit.
* Test method: Measurement of the insulation resistance of the PV cell circuit in the
junction box with an insulation-resistance meter (megger rated at 1,000 V).
* Criteria: The measured value shall be 1 MQ or over.

Junction box

1 2 3 15 DS MCCB
P+ ~ ;
e N
- s [ ~ i
PV string(15modules are series-connected) i \ 3
Measuring
instrument

Figure 3-12: Measurement of insulation resistance (sample)

7.4 Open-circuit voltage measurement
* Purpose: To measure the open-circuit voltage of each string circuit.
* Test method: Measurement of the open-circuit voltage of the PV cell circuit with DS and
MCCB turned OFF in the PCS by using a voltmeter.
» Criteria: Ex.: The difference between the circuits shall be within 15V (the expected

voltage is 350 V to 460 V).
Junction box

1 2 3 15 1 DS  MCCB |

P+ ~ ;

N o

| s |- ~

PV string(15modules are series-connected) ; \ 3 i
Voltmeter

Figure 3-13: Measurement of open voltage (sample)

7.5 Grid connection check

» Protection relay: All settings shall be in accordance with the investigation by the power
company.

» Run/stop: The system shall work according to the operation (ON) and stop (OFF)
switches.

» Power interruption: When a power interruption occurs in the grid, the PCS shall stop
instantaneously.

» Recovery: When the grid recovers from a power interruption, the PCS shall restart after
a certain period of time (150 to 300 seconds).

» Indication: The indicator shall work correctly during operation.

» Noise: The system shall not generate noise, abnormal vibration, and bad odor during
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operation.

The following shows sample important documents which shall be handed over to the client after
the commissioning.
» Commissioning inspection results (report)
» PV system manufacturer’s documents (e.g. product testing results, operation manual,
and warranties)

8. Warranty after commissioning

It is important to acknowledge the kind of warranties effective after installation of Grid-connected
PV system. Before we select the equipment manufacturers or companies responsible for the
installation work, it is necessary to consider warranties provided on the equipment or the
installation work at the time of quotation. Especially under the procurement process, particular
product and period covered by the warranty shall be clearly specified in the Bidding Documents
and the Contract.

In principle, there are four types of warranties applicable to the Grid-connected PV system.

(D Defect warranties for each equipment by manufacturers

@ Total system warranties covering whole Grid-connected PV system

@ Output warranties for PV Module

@ Generated energy warranties for the Grid-connected PV system over a period of time

(1) Defect warranties for each equipment by manufacturers

Not only PV module but all major equipment such as PCS, transformer, distribution board shall
be covered by defect warranties. The range covered by the warranty will be different depending on
the products and/or manufacturers. Some manufacturers provide warranty to cover natural
disasters such as typhoon, flood. Typical coverage period is one year in case of Japanese
manufacturers.

(2) Total system warranties covering whole Grid-connected PV system

It is possible to request the prime contractor, e.g. general trading firms and/or construction firms,
to provide warranty for whole Grid-connected PV system. This warranty covers installation work of
the equipment. The condition of the warranty will be described that after a specified period (e.g. 1
year) the system will provide a minimum output capacity in kW. Usually, the warranty period is
determined considering the shortest coverage period of defect warranty for each product.

(3) Output warranties for PV Module

Most PV module manufacturers provide output warranties for the output performance of each
PV module over a specified period. In case of Japanese manufacturers, typical guaranteed output
is 90% of the minimum output (=90% of nominal maximum output) of PV module, and warranty
period is 10 years. This means 0.9 x 0.9 = 0.81 times the nominal maximum output for the first 10
years. Also 20 years warranty for the 80% of the minimum output (0.9 x 0.8 = 0.72 times the
nominal maximum output) can be provided by some manufacturers. This warranty is the most
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important, so the warranty condition should be checked in detail before making the Contract.

(4) Generated energy warranties for the Grid-connected PV system over a period of time
This warranty guarantees certain generated energy by Watt-hour over a specified period. In
case Grid-connected PV system is operated as a power station, this warranty can ensure
minimum generated energy and related energy sales for the operator of PV system. However, it
may cause a lot of risks for the contractor because the generated energy will be dependent on the
amount of solar irradiation available each year, and can be determined if the contractor is shared
necessary information based on many years of irradiation data at the project site.
Therefore, this type of warranty is not so common for PV projects in Japan.
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Chapter 4 Operation and Maintenance of Grid-Connected PV System
1. Operation and maintenance system
1.1 Selection of the organization in charge of operation and maintenance

If the grid-connected PV system exceeds a certain capacity, it shall be regarded as electrical
facilities for utility, equivalent to power stations and substation owned by power companies.
Therefore, it is highly recommended that the staff in charge of operation and maintenance have
enough experience in operating and maintaining similar electrical facilities under both normal and
emergency conditions. When the owner (e.g. hospital and school) that operates the project site
has no engineer having similar experience, it shall make an operation and maintenance contract
with an external organization like an electric power company having experience in operating and
maintaining power stations. In addition, if the owner cannot handle all of the operation and
maintenance works, it is necessary to consider outsourcing some of the works to the power
company or private firms.

1.2 Checks on laws and regulations

When setting up a new organization that operates and maintains the PV system, regulations
and laws enforced in the country shall be examined to check whether chief electrical engineers
need to be appointed or safety code of practice are required, in accordance with existing
regulations for the power generation. For example, we need to employ a chief electrical engineer if
electrical facilities for private use are connected with a high-voltage distribution system in Japan.
The chief electrical engineer is a qualified engineer who has a national license to supervise the
safety during the construction, operation and maintenance of electrical facilities. Japanese safety
codes require the entity to install electrical facilities for private use shall official submit following
documents to the Ministry of Economy, Trade and Industry.

@ duties and organizations of the personnel who manage the works relating to the
construction, operation and maintenance of the facilities,
safety education to be provided to the personnel who are involved in the construction,
operation and maintenance of the facilities,
patrol, inspection, and examination for ensuring the safety of construction, operation and
maintenance of the facilities,
operation or manipulation of facilities,
how to preserve the power station when the operation stops for a certain period,
measures against disasters or other emergency events,
records on the safety of the construction, operation and maintenance, and
a system for making legal voluntary inspections, and the preservation of records.

@G © ©

However, many developing countries have no regulations and/or standards concerning
grid-connected PV systems as mentioned above. Accordingly, authorities concerned and power
company shall be required to develop the realistic methods to apply and revise existing regulations
and/or standards to the grid-connected PV system, according to the PV system capacity.
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1.3 Organization necessary to the operation and maintenance
When the entity establishes the organization in charge of the operation and maintenance of
power generation system, it is necessary to clearly define the purpose of the organization.
Expected key purposes are shown below.

[Purposes of the system and organization of the operation and maintenance]
» To operate and maintain the power generation system in a sound and continuous

manner.

» To keep the staff and neighbouring residents safe.
In order to fulfill the above purposes, the organization shall be required

To employ technical staff in charge of the daily operation and maintenance.

To set up required levels for operation and maintenance for each period in a day, and to
build up a system suitable to them.
To appoint groups which take action against a problem both during day time and night

>
>

A\
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time.

To establish liaison systems for normal and emergency cases.

To examine the possibility of collaboration with other organizations in the company.
To identify scope of works to be outsourced to utilities or private firms.

To make education/training system and curriculum for the internal staff.

1.4 Operating and maintaining organization (example)

Table 4.1-1 shows an example of the organization that operates a PV system rated at about 1

MW or 10 MW. The PV system does not generate power during night, so the organization is set

to be capable of supervising the system between the sunrise and sunset for every season. It is

necessary to determine the number of maintenance technicians and operators as well as their
technical levels in consideration of duties that the organization should address.

Table 4-1 Sample organization in charge of operating and maintaining a PV system

Number of Necessary qualification, technical
Post members Duties Working system skills, and
~IMW | ~10MW work volume
Final decision and Daytime work on weekdays. : : :
Manager 1 1 order in operation Call in emergency at night or on (er:ef electr}caé gn?rl]neer t
and maintenance holiday. en required in the country)
2 shifts (e.g. 5:00 to 12:00 and
Operating and 12:00 to 19:00 depending on
monitoring the season). Engineers/Technicians who are
Ovperator 3 6 system, daily 3 groups, each having 1 to 2 familiar with basic principles of all
P patrol, and take members (depending on scale). | facilities, and operating conditions and
measures against Note: Rotation including methods.
problems maintenance engineers is
effective.
m:;:i?:g?e%rb?ar an.ilpeers_t/;]r%chr)icians _wlho arfe i
: . ; amiliar with basic principles of a
Maintenance 2 5 Icnosnpdelféltci)nn’ and (D:gﬁt;?gn\?’;rke?lg Waeterll(id?))tlsc;r on facilities and maintaining work.
staff technical 9 holida gency 9 Monthly patrol by group consisting of 2
maintenance and Y. members requires period between 1
regular patrol and 2 MW/day.
Assisting cleaning Workload, number of members, and
duties and work levels vary depending on system
Assistant requiring no Daytime work on weekdays. conditions, circumstances at site, and
worker 2 6 advanced Call in emergency at night or on | subcontracted work range.
expertise and holiday. Sandy or dusty region requires the
assistance to number of members that can clean all
regular patrol facilities in about a week.
General affairs
Office inside the station Daytime work on weekdays.
worker 2 2 and Call in emergency at night or on
communication holiday.
with outside
Total 10 20

(Source: Shikoku Electric Power Company, Inc.)
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1.5 Development of an operation and maintenance manual
Before preparing the organization such as above and staring operation and maintenance work,

it is recommended to develop an operation and maintenance manual. The following shows the

contents as an example.

Facilities Name

Operating Procedures

Basic Procedures for Proper Operation
Measures against Emergency
Organization

Inspection Tour and Maintenance
Safety

Training

@O®O6EHE

The main purpose and important points of each chapter are shown below.
(1) Facilities Name

» To understand the operation and maintenance of PV system in terms of both the entire
system and each component.

» Scope of the each term shall be explained clearly, with illustrations, photographs and so
on.

> The application of each term is to be unified in the manual and the site

» The basic specification of the facility is to be described.
It is necessary to prepare several figures for general construction, components and

facilities.

(2) Operating Procedures

» Procedure lists are to be prepared for each operating mode separately such as start-up
and stop, and to be described entirely from the beginning to the end in one volume.

» Do not quote the procedure list of other modes partially.

»  All procedures are to be described separately for each step.

» To be expressed in plain language so that even beginners can understand.

» Operations or items checking situation and numerical values are to be described
separately in the order.

» ltis desirable to use an illustration or a photograph for each step.

» The steps which tend to be misunderstood and operated in a wrong way are to be
explained to draw special attention.
Some examples of mode from operation manual are as follows:

D Start-Up

@ Stop operation (Normal shutdown)

(Operators are in the powerhouse)

@ Stop Operation (Emergency stop / Quick shutdown)
@ Basic operation procedures

In the case of voltage drop

(® Supervision work during operation
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In the manual, the titles of modes are to be described clearly and operations or checking
items are described individually.

(3) Basic Procedures for Proper Operation

>
>

It is important to show basic procedures for proper operation as follows:
Normal operating conditions (targets)
Skills to be acquired for operation

(4) Measures against Emergency
Measures against emergency which are supposed to happen frequently, are to be
mentioned in advance. Those measures shall be explained in detail especially if there are

some conditions such as climate to cause the fault. Concerning the equipment trouble, the
troubleshooting method is to be described systematically.

Sample items are listed as follows:
(D Operations in each season
@ Measures against faults or blackouts
@ Measures against lightning stroke
@ Troubleshooting etc.

(5) Organization

YV V V V V VY
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»

Organizations for each condition including emergency case are to be decided in advance
as follows:

Operation organization

Number of operators, shifts,

In general and in case of an emergency

Operation schedule

Manager in charge

Operation and maintenance works (incl. watering PV arrays, management of planned
outages)

Operating hours should be decided in consideration of the climate conditions.
Procedures and flows for instructions

Emergency action

(6) Inspection Tour and Maintenance

Operators should state system operation, patrol and maintenance method in the manual.

Check items should be clearly stated.

The details of the patrol and maintenance should be stated after the “2. General

concept of inspection tour and periodical inspection (maintenance)”.

(7) Safety

Operators should understand and be aware of the dangers during operation, inspection

tour and maintenance of the system.
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(8) Training
The organization shall build up its own education/training system and curriculum to prompt
the operators and maintenance engineers to understand rules and technical principles for
operating the power station, which engineers should know for each of their duties.

(9) Communication system
In case of an accident on the premises or grid side, the PV system owner shall build up a
liaison system that allows for prompt exchange of information with the power company. The
manual shall include contacts available around the clock, for example the contacts of the
dispatch center operated by the power company, (including phone number for security
communication, private and mobile phone numbers) as well as those of the manager and
chief electrical engineer with whom operators or maintenance staff should contact first.

(10) Public awareness raising
In many cases, one of the purposes of a medium- to large-scale grid-connected PV
system is to encourage and promote dissemination and awareness-raising of solar power
generation among domestic and overseas leaders and general public. Therefore, it is
recommended that the manual describes how to respond questions from visitors and to take
a tour of the facility.

1.6 Budget for the operation and maintenance of the power station
Operating the power station continuously requires the profitable management from a
long-term point of view. When estimating the project costs, we shall make an effective
investment by precisely finding costs for the operation and maintenance.

(1) Budget for operating and maintaining the power station

The PV power station consumes no fuel, but the operation and maintenance as a whole
requires costs for power generation, investments in communication and safety facilities,
expenses for operating and maintaining them, and running costs for in-house power distribution,
water consumption, and consumables for inspection and cleaning.

In addition, it is necessary to draw up a long-term financial plan for buying consumables,
spares in case of failure, and maintenance tools that are necessary to the long-tem operation of
the major facilities such as PCS.

The consumables include two types: one needs to be regularly exchanged and the other
needs to be urgently procured to ensure the reliability of the operation when a fault occurs.
Accordingly, a necessary number of the spares shall be kept in the consideration of the lead
time. If there are consumables that will be difficult to procure after more than 20-years of
operation, the spares shall be stocked in necessary quantities based on the mean time
between failures (MTBF).
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Table 4-2: Examples of spares

Spare When Reason and frequency Quantity
Quantity is derived from probability
of damage due to thrown stone
and failure in internal element and
circuit, which vary depending on
Module will be difficult to site conditions and module type.
PV modules | Failure occurs. | procure after more than 20 About 0.1% of the whole quantity
years of operation. for the moment. In consideration of
damage conditions during 1 to 2
years after commissioning, it is
necessary to consider early
procurement based on failure rate.
DC Circuit
Breakers for Abnormal event If quick procurement is
the difficult upon failure, it has 1 unit for each kind
L occurs. o .
termination significant effect on operation.
of PV circuit
1 or more for each kind
Failure rate may be high.
Abnormal event Keeping spares is effective for | Note some PCS manufacturers
Fuse for PCS 0CCUrS the quick power restoration don’t allow the client to open the
' because on-site workers can | panel and change equipment
take recovering action. inside the panel. Check your
manufacturer first!
Condensers, | Replacement is Fally_re rate may _be h'gh.' In
addition, regular inspection
Touch necessary
. may show that component
Panels, before life (5 to
) should be replaced.
Batteries of | 10 years) or - :
Periodical procurement is
touch panels, | abnormal event : )
necessary according to life of
Fans for PCS | occurs.
each component.
Circuit Circuit board has significant
Abnormal event . :
boards for 0CCUrS effect on operation and quick
PCS ' procurement is difficult.
If an engineer responsible for
replacing parts judges that 1 set
PCS X 4
Abnormal event | quick procurement is
(Whole . : .
. occurs. impossible for the site, a set Cool and secure storage space
equipment)

of PCS shall be reserved to
be replaced as a whole.

need to be prepared.

(Source: Shikoku Electric Power Company, Inc.)

Tables 4-3 and 4-4 show examples of testing devices necessary for regular inspection and
taking measures against abnormal operation, and for maintenance works recommended to be
prepared at site. The quantity of each device or tool can be derived from that of the facilities.
The typical usage of the testing devices will be described later. They include expensive devices,
therefore, we can lease them during inspection or ask the inspection vendor to procure them in
consideration of the quantity of the facilities (to be checked), the financial state of the installer,
and the necessary reliability of the system in question (the omission of checkpoints).
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Table 4-3: Testing devices to be prepared

ltems quantity | necessity main usage
Digital multi meter 1 ©
Voltage detector 1 © General measurement for circuit condition
Clamp meter 1 ©
Terminal boards & wire oo . .
clips 1 set © To make circuits for inspections
Insulation Resistance 1 © measurement for insulation condition of the
Tester (Megger) circuit from PV to switching board
Groundlggstr:rswtance 1 © measurement for circuit condition
-V Curve tracer 1 o Jydg_ment of the condition of cells and the
circuit
Judgment of the condition of cells and wiring
Infrared camera 1 A )
in modules
Current path detector 1 © Detection of disconnection wiring in modules

(Source: Shikoku Electric Power Company, Inc.)

Table 4-4: Maintenance tools to be prepared

Items quantity Specifications
(ex)

Screwdriver (+ and -) 2 set Screwdriver (+ and -)
Terminals board & wire clips 1 set Terminals board & wire clips
Cutting nipper 2 Cutting nipper
Cutting Plier 2 Cutting Plier
Hammer 2 Hammer
Card tester 2 Card tester
Socket wrench 1 set Socket wrench
Paint 2 | cans Paint
Anti-corrosive paint 2 | cans Anti-corrosive paint
Tool cabinet with door 1 unit Tool cabinet with door

(Source: Shikoku Electric Power Company, Inc.)

1.7 Budget to manage the organization

In addition to costs for the facilities, we shall prepare a long-term financial plan for labor costs for
the organization shown in Table 4-1, office construction/rental charges, and heat and lighting
expenses.
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2. General concept of inspection tour and periodical inspection (maintenance)

In general, “patrol” and “inspection” are required to maintain electrical facilities. In the patrol, we
keep a record of the facilities in operation to determine whether conditions are good or not. In the
inspection, we stop the system, replace components (if they can be exchanged only during a
power interruption), make measurements, and inspect the inside to judge whether conditions are
good or not. Both are very important.

The checkpoints and frequencies should be determined on the viewpoints of the effective and
efficient operation of the system, while they shall meet standards/regulations in the country and
operator’s code of practice.

The maintenance work includes action against a possible failure, but it is necessary to take
preventive measures to minimize the frequency of problems. The preventive measures are
classified into two types: one is the method of controlling the implementation period according to
the operating time and the number of elapsed years and the other is the way to check the
conditions of the facilities through the items and values to be managed. If possible, maintaining the
facilities according to their conditions generally tends to reduce the maintenance cost.

3. Daily inspection (inspection tour)
3.1 Inspection item

For the operation and maintenance of the PV system, it is required to conduct daily patrol taking
preventive measures for faults, keep a record of the operation, detect any problem at an early
stage, take a quick action against them, and monitor the performance of the system. Taking
measurements and inspections while the facilities is under normal operation is called “patrol,”
which is classified into two kinds: one is called “regular patrol” that should be conducted about
once every month, and the other is called “irregular patrol” that should be conducted right after a
heavy rain or earthquake that rarely occurs but has a significant effect on the facilities (Figure 4-1)

Regular patrol

Patrol
Irregular patrol
Type Contents Frequency
Regular Patrol During Operation check the condition of all Daily, monthly, etc.
equipment to find failure.
Irregular Patrol | After heavy rainfall, earthquake or tsunami, Emergency case
operator should check the equipment condition.

(Source: “Basic concept of operation and maintenance”, NEDO textbook)

Figure 4-1: Type of patrol tour
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Table 4-5 shows recommended checkpoints during the regular and irregular patrol.

Table 4-5: Recommended checkpoints during patrol

Equip | Component Checkpoint Aftirr,'_g Component Checkpoint Aftir'?_g
Damage, stain on surface, Damage and connecting
noise, bad odor, and state
mounting
state

External
Module / Damage wiring
\— Cover
Rust, corrosion, break, Damage and connecting
. damage to assembly, and state
© connecting state
©
> |External
o wiring Earth wire
along rack
Damage and tilt
Foundation Ground Tall plants
L Damage
to joint
Rust, corrosion, break, Damage, connecting state,
and, mounting state bad odor, and burning mark
3
0
C . . .
£ |Housing Wiring
: \
>
3
Terminal
corrosion
Rust, corrosion, break, Wiring Corrosion, damage, and
and, mounting state connecting state
o |Housing
O
o
High|risk of __~
shoit circuit
Conditions |Noise and bad odor g‘;ﬁ?t'on Check on operating state
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Equip | Component Checkpoint A(?tirrl‘.g Component Checkpoint A(ﬂirT_g
Room
Room
temperatur humidit
e (present |Check on specified range | Yes ( resen)’: Check on specified range
and peak P
value)
values)
Within total open-circuit
voltage of modules
Total
DC voltage Yes generated Check on monitor Yes
(V) energy
(kWh)
Below total capacity of PV
5 . oo modules.
2 Noise, bad odor, vibration, Irradiation data is used to
9 ~ and break .
23 evaluate power generation
-5 if available.
g Q Output
& 2| Conditions power Yes
pug =
S .§ (kW)
29
2
a
'(A‘VC; voltage About design value Yes '(A,‘,g voltage Yes
Check on watt-hour meter
- for selling to the power
§ company
< |Total In-house
>
o |eneryy Yes | M€Y Yes
S |supplied to consumpti
O |grid (kwh) on (kWh)
. Noise, bad odor, vibration,
o break, and oil leak
© .
S Qil
8 tempera-
5 Conditions ture Check on specified range | Yes
= (present
2
» o value)
T 5
©
E Oil level
ke (present Check on specified range Conditions Noise, bad odor, vibration,
17 and break
= value)
= Open/close Check on specified range | Yes
counter
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Aging

Aging

Equip | Component Checkpoint otrl. | Component Checkpoint otrl.
Check on cleaning Check on cleaning
condition T condition

empera-
% ture
£ |lrradiation (present,
S |kwim?) Yes peak and Yes
o ottom
© values)
°
©
> —
Humidity
(present Yes
value)
>5

5 € |Outer Installation condition,

3 % fence breakage or damage

N o

(&)
[0
e
% Eﬁ:g:,?,lveb Growth of trees and newly Dust Ground and construction
% Y| constructed buildings generation |work around site
3 |structure
5

(Source: Shikoku Electric Power Company, Inc.)
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For monthly patrol, we shall develop a checklist as shown in Table 4-6 in order to prevent missing
any checkpoint and to keep records.

Table 4-6: Checklist for regular monthly patrol (sample)

Records of Monthly Patrol

From :

To :

v :Good A :Caution B:Bad C: Cleaning A : Adjustment X : Exchange L : Lubrication

Date M araryrayayd
Name

ltems Check Point

General conditions at the yard

Time

Temperature (present) (°C)

Temperature (maximum) (°C)

Temperature (minimum) (°C)

Relative humidity (present) (%)

PV array 1

Modules Damage, Dust, Abnormal noise,
Abnormal smell, Installation condition

Wires Damage, Looseness

Frames Rust, Corrosion, Damages,

Installation condition

Grounding wires

Damage, Looseness

Foundations

Damage, Slant

Ground, surroundings

High plants and constructions,
contamination

PV array 2

Installed room

Temperature (present) (°C)

Temperature (maximum) (°C)

Relative humidity (present) (%)

General conditions Dust, Security condition
Incoming panels

Generated Power (present) (kW)

Generated Power (maximum) (kW)

Total energy sold to power company | (kWh)

Irradiation (present) (kW/m2)

Irradiation (maximum) (kW/m2)

General conditions

Abnormal noise, Abnormal smell,
Installation condition

Housing, Panels

Rust, Corrosion, Damages,

Wires

Damage, Looseness

Protection relay Indications
Power conditioner 1

Input direct voltage (V)
Watt-Hour (accumulated) (kWh)

General conditions

Abnormal noise, Abnormal smell,
Installation condition

Housing, Panels

Rust, Corrosion, Damages,

Wires Damage, Looseness
Protection relay Indications
Remarks

(Source: Shikoku Electric Power Company, Inc.)
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3.2 Evaluation of actual generated energy

This subsection describes how to evaluate the solar irradiation, output power, and energy that
should be recorded regularly for aging control. Particularly, the irradiation should be measured at a
frequency (shorter than one hour) that makes it possible to find the daily energy.

If there is data on the irradiation, we can compare it with the output power (kW) in the same
period or with the energy (kWh) over a certain period. That is to say, we can continuously check if
the calculated power derived from the recorded irradiation is consistent with the actual data
measured monthly or annually (Table 4-8). The example below uses presumed parameters to
make the calculation easy, while the measured values do not give absolute evaluation because
they include errors that are difficult to quantify correctly. However, collecting the data for a long
time right after commissioning allows us to grasp a relative degrading tendency and to detect a

fault.

Table 4-7: Evaluation of recorded energy
How to find the energy matching degree E = Pr/Pc
Parameter Unit Variable Value/calculation

Energy matching degree 1 E =Pr/Pc
Measured value

Energy (measured) per day kWh/d Pr (kWh (daily record) or KW x hr)
Energy (calculated) per day kWh/d Pc ae!;:rigetj rl])(:loif/v)x 0 (RTELIES 2
Inclined irradiation 2 Mea_sured v_alue_ .
(measured) per day kWh/m*/d Ir (Horizontal |rr_ad|§tlon should be

converted to inclined one)
Rated capacity kW P Rating (at 25°C and 1 kW/m?)
Number of modules piece n Recorded value

0.756 (informative value, which should
Basic design factor (crystal) be replaced with measured one if

1 K available)

0.693 (informative value, which should
be replaced with measured one if
available)

Kpt =1+a(Tcr-25)/100

—-0.5% (informative value, which should
be replaced with measured one if
available)

Basic design factor
(amorphous)

Temperature correction 1
factor

Efficiency’s temperature
change factor (crystal)

Efficiency’s temperature 1 a —0.2% (informative value, which should
be replaced with measured one if

change factor (amorphous) available)

Module’s weighted mean oC Ter _T+AT

temperature

Mean temperature at Announced_ value (which shogld be

daytime °C T replgced with measured one if
available)

Module’s average 18.4 (informative value for rack-mount

K AT type, which should be replaced with

temperature rise . )
P measured one if available)

Where, the basic design factor is given by K' = Khd x Kpd x Kpm x Kpa x npc.
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Irradiation’s annual change correction factor (informative value) Khd 0.97
Chronological change correction factor (informative value for crystal type) Kpd 0.95
Chronological change correction factor (informative value for amorphous type) | Kpd 0.87
Array’s total load correction factor (informative value) Kpm 0.94
Array’s circuit correction factor (informative value) Kpa 0.97
PCS effective efficiency (informative value) npc 0.90

Hence, the basic design factor (crystal) is 0.756 and
the basic design factor (amorphous) is 0.693.

(Source: Shikoku Electric Power Company, Inc.)

3.3 Example of log sheet for generated energy

Table 4-8 shows a proposed form for recording and evaluating the monthly energy data including
the energy matching degree as mentioned above. Aging control with this form is helpful to

evaluate the operating conditions of the facilities. Moreover, it makes further detailed evaluation

possible by recording the energy generated, various operating quantities, and grid information

hourly and daily.

Table 4-8: Collection of energy records
Record of Output energy

Year = 20XX
Record Capacity:Pi = XXX XXX kW
Monthly . Monthly
Number Accumulated | Maximum g?rsiocl gﬂggjmﬁlate d Accumulated Coincidence Capacity

Watt-Hour power e Watt-Hour of generated Load Factor

Month | of days energy (measured) Power Irradiation energy energy energy Factor
(measured) (measured) (measured) (calculated)

N Pr (kWh) Pmax(kW) Ps (kWh) Ir (KWh/m2) Pc (kWh) E = Pr/Pc FI=Pr/(N*24)/Pmax | Fc = Pr/(N*24)/Pi

Jan 31

Feb 28

Mar 31

Apr 30

May 31

Jun 30

Jul 31

Aug 31

Sep 30

Oct 31

Nov 30

Dec 31

Annual 365

(Source: Shikoku Electric Power Company, Inc.)

4. Periodical inspection (maintenance)

Compared with the patrol, the inspection is made as long-term preventive measures to grasp

the state of the PV system more precisely by stopping the operation regularly. The checkpoints
and frequency of the inspection shall be defined in accordance with country-by-country and

capacity-by-capacity standards for operating electrical facilities. The inspection is also classified

into two types: one is called “regular inspection” that should be made in a legally specified cycle or
in a necessary cycle from the viewpoints of the performance and durability of the facilities, and the
other is called “irregular inspection” that should be made when a problem is found during patrol or
an accident occurs suddenly due to disaster (Figure 4-2). In Japan, the frequency of regular

inspections is defined as follows:
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Generation capacity with 100kW over, interconnected with high-voltage or
or special-high voltage grid
—Once every two months or more
Generation capacity with less than 100kW, interconnected with high-voltage grid
— Twice a year or more
Generation capacity with less than 20kW, interconnected with low-voltage
— Inspected by their own (no required interval by law)

Regular Inspection

Inspectio
Irregular Inspection
Type Contents Frequency
Regular Inspection | Check equiment condition regulraly Periodically

Irregular Inspection

If there is a fault or abnormal condition,
inspection of each equiment is necessary.

When necessary

(Source : (Source: “Basic concept of operation and maintenance”, NEDO textbook)

Figure 4-2 Type of Maintenance Works

Figure 4-9 Examples of checkpoints during regular inspection

Equipment Component Checkpoint Measurement/test
Damage, stain on surface, noise, bad odor,
Module and mounting state M tof
External wiring Damage and connecting state insjlzltji?r:nen 0
PV array Rack Rust, corrosion, break, and assembling state | resistance and
Earth wire Damage and connecting state open-circuit
Foundation Damage and tilt voltage
Ground Tall plants
: Housing Rust, corrosion, break, and, mounting state Measurement of
Junction : insulati
box Wiring Damage, connecting state, bad odor, and Insu ation
burning mark resistance
Housing Rust, corrosion, break, and mounting state
Wiring Damage and connecting state Check on display
Distribution |Earth wire Damage and connecting state function, Cof
board Conditions Noise, bad odor, vibration, and break m(sajlsal:irsr:nen 0
(common) thr?r at ventilating Check on clogging and replacement resistance, and
Ipnstallation test of protector
environment Water, dust, and temperature
Conditions Noise, bad odor, vibration, break, and oil leak
Oil temperature .
Check on specified range
(present value) P 9 Measurement of
;I'rans{jormer Oil level (present Check on specified range insulation
or gri value) 9 resistance
Conditions Noise, bad odor, vibration, and break
Open/close counter | Check on specified range

(Source: Shikoku Electric Power Company, Inc.)
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Of the inspection methods and checkpoints shown in Table 4-9, the appearance (visual)
check and the measurement of the open-circuit voltage are described in the section “7
Commissioning inspection.”

4.1 How to measure the insulation resistance of the PV system

It is necessary to measure the insulation resistance during regular inspection or when measures
against a failure are taken. This subsection describes how to do it and precautions to take the
measurement as it is normally made during daytime when power is generated by PV module.

We measure the resistance in two sections: one includes only the PV array (modules) as shown
by (1) in Figure 4-3, while the other ranges from the junction box to the distribution board as
indicated by (2) in Figure 4-3.

PV array Joint PCS Insulating Distribution
(module) box Il transformer board
N\ N—_ _
RS kS

(Source: Shikoku Electric Power Company, Inc.)
Figure 4-3: PV system configuration diagram

Note that measuring the insulation resistance requires simultaneously keeping a record of the
atmospheric temperature and humidity because they have a significant impact on the resistance.
Therefore, the measurement should be avoided, if possible, on a rainy or humid day (or the
measured value should be kept just for reference data).

As the PCS having many semiconductors, the manufacturer’s manual must be read thoroughly
before the measurement to check the measurement range of the insulation-resistance meter
(megger) and surge protective devices to be removed, such as arresters and surge absorbers.
Table 4-10 shows the classification of voltage to be used by the megger.

@D Measuring the insulation resistance of the PV array (modules)

PV array(module) Joint box
= = |
. PV Array i i :
o 1 b Swit7ﬁ‘?ear Blocking Diode 1
i ] i1 | I
E D H ........... ! ﬂ? ~\ 4 =t P . Power
{ L] ) 1 1o {\ © I Conditioner
: | : i d: # N -
! B . ]
i |:| |:| Surge )
| Protective ~ a

3. Connect and —ﬁ '

35w

1
turn switch ON (to . Lo
short-circuit 1 | 1
output). 2. Open all switches in
junction box.
~ T
1. Shade PV array Megger = !
° Remove earth wire

(module) if possible. = % from arrester before

measuring insulation
resistance of Section

jZ.

4. Connect megger to
make measurement.

(Source: Shikoku Electric Power Company, Inc.)

Figure 4-10: Wiring diagram for measuring the insulation resistance of the PV array (modules)
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OMeasuring procedures

1.

s

©oeN

Prepare a megger and a “short-circuiting switch” (SC SW) that withstands the
short-circuit current Isc of the PV array (modules).

To keep the measurement safe, shade the array (modules) if possible to reduce the
output power.

Open all the switches in the junction box.

Open the “short-circuiting switch” and connect it between P and N on the terminal block
for the PV array (PV array switchgear in Figure 4-4).

Close the short-circuiting switch (to short-circuit the array output).

Under the condition, connect the megger between the live part of the short-circuiting
switch and the ground to measure the insulation resistance to the ground (criteria are
shown in Table 4-11).

After the measurement, disconnect the megger and then open the short-circuiting switch.
Repeat Steps 2 to 7 for the next array (modules).

After all the arrays (modules) have been measured and if Section 2 will not be measured,
remove the instruments, etc., close the switches in the junction box, and return the
system to the normal operation.

Note that before making connections as shown above, the inspector shall make sure if voltage
applies to the connection point and wear insulation gloves to avoid an electric shock. In addition, it
is recommended to put lead wires used for the short-circuiting switch and connection on an
insulation sheet.

@ Measuring the insulation resistance of the section from the junction box to the
distribution board

2. Open branch

1. Disconnect PV array switch in distribution
(module) from junction box. DC |AC board.
<---1---- >
L Distribution board
PV array Joint Insulation
(module) —( box Y PCS Transformer ( O
A N

3. Short-circuit all input 4. Short-circuit all AC
terminals (between P output terminals.
and N) on DC side. Make measurement P

Megger — — e before/after
— — transformer.

(Source: Shikoku Electric Power Company, Inc.)

Figure 4-5: Wiring diagram for measuring the insulation resistance of the section from the junction

box to the distribution board

OProcedures for measuring the input circuit (DC)

Disconnect the PV array (modules) circuit from the junction box.

Open the branch switch in the distribution board to disconnect the AC output of the PCS
(insulation transformer).

Short-circuit the input terminals (P and N) on the DC side of the junction box.
Short-circuit the AC output.

Connect the megger between the DC terminal and ground to measure the insulation
resistance to the ground. Note that criteria are shown in Table 4-11.

OProcedures for measuring the output circuit (AC)

6.
7.

Short-circuit all the input terminals of the PCS.

Connect the megger between the AC terminal and ground to measure the insulation
resistance to the ground. The measurement should be made once before and after the
insulation transformer. Note that criteria are shown in Table 4-11.

After the measurement, disconnect the megger, remove the short-circuiting switch, return
the switches to the state before the work, and restart the array with the normal operation.
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9. Repeat Steps 2 to 8 for the next array (modules).

10. After all the arrays (modules) have been measured and no section after the junction box
will be measured, remove the instruments, etc., close the switches in the junction box,
and return the system to the normal operation.

OOthers
If there is no insulation transformer on the AC output side of the PCS (transfomerless type),
the insulation resistance shall be measured according to the method recommended by the
manufacturer.

Table 4-10: Classification of voltage to be used by an insulation-resistance meter (megger)

Voltage Equipment to be measured

125V Low-voltage line or equipment rated at less than 100 V

250V Low-voltage line or equipment rated at not more than 200 V

500V Low-voltage line or equipment rated at less than 600 V

1,000V | High-voltage or extra-high-voltage circuit, or equipment rated at more than 600 V

(Source: Shikoku Electric Power Company, Inc.)

Table 4-11: Criteria for the insulation resistance of low-voltage circuits

(Japanese Technical Standard for Electrical Facilities, Article 58)
Voltage Insulation resistance

Voltage to ground = Not more than 150 V (voltage
between wire and ground in grounded electric circuit 0.1 MQ or over
300 V or less | ©F between wires in isolated electric circuit)

Other 0.2 MQ or over

More than 300 V 0.4 MQ or over

(Source: Shikoku Electric Power Company, Inc.)

4.2 Trouble Shooting
Table 4-12 summarizes measures against abnormal conditions that possibly occur during
normal operation or that are assumed from regular patrol results or aging control based on
continuous measurements. If any problems are found, the operating conditions shall be
evaluated while cross-checking points for patrol (Table 4-5) and inspection (Table 4-9) that are
related to the abnormal conditions.
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Table 4-12: Measures against key abnormal conditions

Abnormal

" Component What is checked Evaluation/action
condition
Check tilt angle and azimuth of Evaluate it by remeasurement
each array. and recalculation.
Check whether structures Investigate on how to reduce
increased or trees grown around | shadows if cast.
the site. Note that shadow may
be cast only for a certain period.
Check whether module surface Survey degree of stain’s effect
is stained. and clean surface.
Check cell for appearance Check whether part of cells is out
(crack, browning, and damage of order.
on surface or back). — Make detail inspection
Output power is PV cells = See Figures 4-6 and -7. (measuring panel surface
lower than value Check module for appearance temperature with IR (Infrared)
estimated from (break, browning, damage, and | camera and investigating broken
measured air bubble on electrode). or continuity-failed part with
irradiation. = See Figures 4-8, -9, and -10. | circuit probe).
Check bypass diode in Check whether a failure in string
appearance (browning and causes bypass diode to be
heating on front or back of heated or out of order.
terminal) — Make precise inspection
= See Figures 4-10, -11, (measuring panel surface
and -12. temperature with IR camera and
investigating broken or failed part
with circuit probe).
Check cables in appearance Repair or replace failed cables.
Cables (sagging, broken, and corroded | — Make precise inspection if
wire between modules or PCSs) | output power is not recovered.
Monthly Check trends in energy matching | Check any failure and
(annual) energy degree (comparison between degradation in performance.
generation is General value derived from measured — Make precise inspection.
lower than irradiation) under aging control.
before.
Check each switch for state Find cause of open/tripped state
(opened/tripped switch and and then close switch or connect
blowing fuse) fuse.
Check for various settings Correct wrong setting.
(whether input voltage tap from — If output power does not
) string and output voltage tap to return, check each string for
* No power is grid are chosen correctly). continuity, voltage, and current.
generated. .PCS’. Check blocking diode of string for | Repair failed diode.
 Output power | junction box, o .
reduces and cables appearance (broken, — Make precise inspection if
significantly. short-circuited, or opened state). | output power is not recovered.

Check lighting rod of string for
appearance (broken or
short-circuited state).

Repair failed part.
— Measure insulation resistance
to identify failed element.

Check cables for appearance
(whether any wire sags, has
break, or corrodes)

Repair or replace failed cable.
— Make precise inspection if
output power is not recovered.

(Source: Shikoku Electric Power Company, Inc.)
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If the survey results show any abnormal condition, we shall make detail inspections as shown in
Table 4-13 to identify failed part and find out the cause. This work may require long hours

depending on the layout of expensive instruments and the scale of the facilities, but the persistent
problem causes the loss of power in proportional to the scale. Accordingly, we shall determine
whether or not to take the necessary measures.

~

Table 4-13: Detail inspection to identify an abnormal portion
What is
checked Instrument What happens Expected state
Measuring |-V I-V curve Output current does not Presence of cells that have conductivity
curve tracer reach design value but failed to generate power (number of
- N though open-circuit failed clusters is given by dividing
String-by-string voltage is near to design difference between voltage at maximum
measurement value. power and present value by cluster
Measurement \éol’:jage'). . Il effici
on sunny day _ e uc_:tlor) in cell efficiency. _
when no Open-circuit voltage Cell circuit has break or bypass diode
shadow is cast does not reach design works (number of failed clusters is given
on array J value. by dividing insufficient voltage by cluster
~ voltage).
Inspecting IR IR camera | Cell (single) temperature Failure in soldered connector between
image is too high (presence of cells (cell out of order is heated because
( \dentifying part ) hot spot). solar energy changes to heat).
of module Cell (whole cluster) Bypass diode may work due to a failed
having temperature is too high. cell or cluster having break.
abnormal Cell (whole string) Module may have break or failed
temperature temperature is too high. connection.
Wrong control by PCS.
gﬂne:jﬁ;i,n;j;,t Bypass diode Bypass diode may work cell due to
when no temperature is too high. failed cell or cluster having break.
shadow is cast Bypass current may be caused because
_on array ) the cell is shaded.
Circuit Circuit has break. If results of checking module for
Checking break | probe = See Figure 4.5-8. appearance or IR image show that part
(Note 1) of circuit has break, it is necessary to
make inspection to identify it.
Note 1:

The circuit probe used for wiring inspection is a tester that generally checks whether wiring is

conducted correctly and there is a failure like a break in a AC (DC) power circuit. In this
document, we use it to inspect the PV modules for conductivity to detect failed part. The probe
has advantages and disadvantages: the advantage includes low price and inspection results
independent of the weather, while the disadvantage includes the necessity of stopping the PV
system and bringing the tester close to the module. Therefore, the instrument shall be used
- in combination with other inspection methods.
(Source: Shikoku Electric Power Company, Inc.)

If an abnormal condition occurs in the inverter itself, or the grid side, it appears on the PCS

panel and the protection panel for grid-interconnection. In this case, the operator shall follow the

operation manual of the PCS and work in cooperation with the power company to determine

whether to continue or stop the operation according to the range and degree of the problem.
Therefore, the operator shall have prior discussion with the power company to develop

procedures for running, stopping, and restarting the system when an abnormal condition occurs as

well as to build up a liaison system between the parties concerned, and both parties shall place
their signatures on the Memorandum of Understanding (MOU).
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Figure 4-6: Discolored cells Figure 4-7: Heat due to failed soldering in
the interconnection between cells

O O
O

Figure 4-8: Browned soldered part of the bus  Figure 4-9: Air bubbles in a module
bar of a module

Brown discoloration of soldering point

OIf a shadow is cast on the PV module or
a problem occurs in the internal circuit, a
i — current flows through the corresponding
Brown discoloration of bypass diode built in the terminal box on
the back of the module, which causes
the diode to be heated as shown in
Figure 4-11
Oln this case, the bypass current stops
the power generation of the
corresponding cluster. As a result, the
cluster is heated as shown in Figure
Figure 4-10: Solder browned due to heated 4-12 because the whole solar energy on
bypass diodes it is converted to heat rather than
electric power.

bypass-diode mounting area

Figure 4-1: Heated bypass diode in a Figure 4-12: Heated cluster because a
terminal box current flows through a bypass diode
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route of signal

Receiver Jointbox
Flash! @ No Flash! Transmitter
Sound! No Sound!
PCS

Receiver
Transmit

(Source: Shikoku Electric Power Company, Inc.)

Figure 4-13: Conceptual diagram of detecting conductivity failures with a circuit probe

O Detection principle: The transmitter connected to a circuit to be inspected sends s a minute
current signal and the receiver detects the strength of a magnetic field
induced by the circuit to check for contductivity.

O Inspection procedures

1. Connect the transmitter to the lead wires of a module to be inspected in the junction box, and
send a signal.

2. Bring the receiver close to the front or back of the module to check for reaction.

3. In a good portion, the LED blinks and the receiver sounds, while in a failed part, neither
occurs. Accordingly, we can identify the continuity-failed portion.

The above figure shows that the receiver reacts at Points O and @because the

connection is good, while it does not react at Point 3 because it has a break.
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Facility Planning Method
(Exercise)

Text



Exercise [System planning for mega-solar]

1. Procedures of a mega-solar system planning in the exercise

In this exercise, the system planning for a mega-solar at 1MW is implemented. In the
implementation of the mega-solar system planning, the data in your country shall be used for the
natural conditions such as solar radiation and temperature. Also, environmental conditions such
as snow in your country shall be considered.

Figure 1-1 shows procedures of PV system planning in this exercise. In the exercise, the system
planning of mega-solar at 1MW (AC terminal of PCS) is implemented, and calculate annual energy
production. Study of the PV array rack and foundation are not included. Also, study of system
configuration for connecting to the electric power system is performed.

In the real system planning, it is necessary to calculate the approximate cost after determination
of system configuration, and perform an economical evaluation. However, we perform up to
system configuration study in this exercise.

Selection of tilt angle and azimuth of PV panel

y
Selection of PV module

Y
Selection of PCS

.

Study on the number of series
connection of PV modules

A 4

Study on a PV array configuration

A 4

Study on a PV array arrangement

.

Estimation of annual energy

.

Study on a system configuration

Figure 1-1  Procedure of system planning for mega-solar



2. Exercise (system planning for mega-solar)
(DSelection of tilt angle and azimuth of PV panel
The optimal tilt angle and azimuth of PV panel in each country is determined using HOMER

(https://users.homerenergy.com/) or RETScreen (http://www.retscreen.net/) . The solar radiation

of the daily average in each month at selected optimal tilt angle and azimuth is recorded. Also, the

average temperature in each month is recorded.

@Selection of PV module

Select PV module from the table 2-1 “PV module list”.

Table 2-1 PV module list
PV module A PV module B PV module c PV module b
Type Monocrystalline Polycrystalline Multi-junction Hybrid CIS
silicon silicon
(HIT Power 240S) (KD250GX-LFB2) (F-NJ150) (SF160-S)
Nominal Max. Output (Ppax) 240W 240W 150W 160W
PV module conversion
. 19.0 14.6 9.60 12.6
efficiency
Nominal Max. Output
. 43.7V 29.8V 125.8V 84.0V
Working Voltage (Vom)
Nominal Max. Output
omllna ax. Dultpu 5.51A 8.06A 1.20A 1.91A
Working Current (lom)
Nominal O Circuit
ominal Fpen treul 52.4V 36.9V 158.1V 110V
Voltage (Vo)
Nominal Sh ircui
ominal Short Circuit 5.85A 8.59A 1.45A 2.2A
Current (lsc)
External Dimensions (mm)
WxLxD 1,580 X798 X 35 1,662 X990 X 46 1,500 % 1,100 X 50 1,257 X 977X 35
Temperature coefficient of
peratu +0.03%/K +0.060%/K +0.055%/K +0.01%/K
short circuit current(Is)
Temperature coefficient of
peratu —0.24%/K —0.36%/K —0.39%/K —0.30%/K
open circuit voltage(Vi)
Temperature coefficient of
P —0.30%/K —0.46%/K —0.35%/K —0.31%/K
Max. output(Pumas)

X The temperature coefficient of output working voltage shall be the same as the temperature coefficient of open circuit voltage.

(@Selection of Power Conditioning System
Selecting Power Conditioning System from the table 2-2 “Power Conditioning System list”.
Table 2-2 Power Conditioning System list

PCS-A PCS-B PCS-C PCS-D
Output capacity 10kW 100kW 250kW 500kW
DC input Rated voltage 400V 345V 350 350
DC voltage range 0~600V 0~650V 0~600V 0~600V
Range of MPPT 200~550V 315~600V 320~550V 320~550V

Number of phase Three-phase Three-phase Three-phase Three-phase

three-wire three-wire three-wire three-wire
AC input Rated voltage 202V 202V 415V 210V
Rated frequency 50 or 60Hz 50 or 60Hz 50 or 60Hz 50 or 60Hz
P -
ower conversion 94.5% 95.3% 95.7% 96.8%
efficiency

*You can confirm specifications for each solar module and power conditioner at the following site
to assist you in making your selection. (http://www.enfsolar.com/)




@Study on the number of series connection of PV modules

The number of series connection of PV modules is considered from the specification of the
selected PV module and a Power Conditioning System. The number of series connection of PV
modules is: 110% of rated voltage (on DC side) of a selected PCS is divided by the maximum
working voltage of the PV module, as a reference value. Also, the number of series connection of
PV modules is determined in consideration of following points eventually.

- Is the variation by the temperature characteristics of a PV string’s open circuit voltage within a
the DC voltage range (below the upper limit of the DC voltage range) of a power conditioning
system?

«Is the variation by the temperature characteristics of a PV string’s output working voltage within
MPPT (maximum power point tracking) range of a power conditioning system?

The highest and the lowest PV module temperatures are calculated by the following formulas:
The highest PV module temperature=Annual highest temperature in each country + weighted
average PV module temperature rise AT
The lowest PV module temperature=Annual lowest temperature in each country + weighted
average PV module temperature rise AT
* Installation type is a back open type (rack-mount type), the weighted average PV module
temperature rise AT is at 18.4 (°C). (JIS C 8907 Estimation method of generating electric
energy by PV power system)

®Study of the PV array configuration

In consideration of the PV array configuration, the number of parallel connections of the PV
strings in the PV array is determined, and then the number of lines and rows of PV modules is
determined. If the size of the PV array is specified, it is necessary to consider the PV array to fit its
size as specified. The PV array consists of the number of PV modules of the integral multiple of
the determined PV modules connected in series.

[Conditions of PV array arrangement]
Condition 1: The width of a PV array shall be 25m and below.
(Consideration given for efficiency during inspection)
Condition 2: Maximum height of a PV array is 2.0m and below from GL.
(Consideration given for reach)
The bottom of a PV panel shall be 0.5m from GL.
(To minimize the impact of insects, small animals, and grass)
Condition 3: The spaces between PV modules and the edge of PV modules shall be kept at 50mm.
(Space is created with mounting brackets. In cases where the mounting brackets are
specified, 10 mm brackets are sometimes used.)

A

==

Figure 2-1  Conditions of PV array arrangement 2

2.0m and below




®Study of the PV array arrangement

The number of the PV array is determined to be set at 1MW (AC terminal of PCS) and work out
the PV array arrangement. The conversion efficiency of PCS and DC loss (2%) should consider
when determining the number of the PV array. It assumes that the site for the PV array
arrangement is a flat land, and the arrangement should be formed as a square shape as much as
possible.

[Conditions of PV array arrangement]
Condition 1: The space at 10m x 10m for installing a collecting box, PCS, a transformer board, and
an interconnection board is secured.
Condition 2: The distance of PV arrays facing to the north-south is set in consideration of shade
impact by a front PV array. Please refer to figure 2-2.
Condition 3: The distance of PV arrays facing to the east-west should be more than 1.5m. Please
refer to figure 2-3.

Setup in
consideration of

shade impact by a
ront PV array

Figure 2-2 Conditions of PV array arrangement 2

(DEstimation of annual energy production
Annual energy production is calculated from the capacity of the PV array
Expected annual energy Ep can be represented by the following equation:

Ep=2Z Ha/Gs x K X Pys
+ Ep = Expected annual energy (kWh/year)
- Ha = Average daily irradiation on a monthly basis (kWh/m?/day)
- Gs = Irradiance under standard condition = 1 (kW/m?)
+ K = Total design factor (= Kd x Kt x nny)
* DC correction factor Kd:
Corrects change in solar irradiance due to stains on the PV cell surface and
characteristic difference in PV cell. Kd is about 0.9.
* Temperature correction factor Kit:
Corrects temperature rise of PV cell and change in conversion efficiency due
to sunlight.
Kt=1+a(Tm-25)/100
a: Temperature coefficient at max. output (%, °C)
Tm: Module temperature (°C) = Tav + AT
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Tav: Monthly mean temperature (°C)
AT: Module’s temperature rise (°C) = 18.4 (°C)
* PCS efficiency ninv: AC/DC conversion efficiency of the inverter.
+ Pas = PV array output under standard condition (kW)

AM = 1.5%; Irradiance = 1 kW/m2; PC cell temperature = 25°C

®Study of the PV system configuration
As shown in the figure below, solar power generation reaches 90% or more only a few % of
the hours per year. Therefore, the PCS rated output or more power cannot be generated, but
to effectively increase the annual power generation output, extra PV modules should be
installed such that their output total is approximately 10% of PCS rated output.

< Example >
PCS output =PV module output DC9.88kW x DC loss 98% (-2%)
xPCS conversion efficiency 95% = AC9.20kW
PCS output = PV module output DC11.4kW x DC loss 98% (-2%)
xPCS conversion efficiency 95% = AC10.61kW
—PCS rated output, but actually AC10kW

DC9.88kW-AC10kW DC11.4kW-AC10kW
11,251kWh/year 12,852kWh/ year
(9.88kW*8760h*0.13) (11.4kW*8760h*0.13*0.99)
14
About 1% of the amount of power generation

12

10 = PCS rated output

8 [

6 E DC9.88kW

4 =

2 0 FRAR BRI D 20%5

0

Dilation curve of solar power output (1 second measurement)

Others. In the consideration of the PV system configuration, the specification of each equipment
except PV array and PCS is worked out. Also, the number of circuits and the necessary number of
units of the junction box and the collection box are worked out. A junction box is selected from four,
eight, ten, twelve or sixteen circuits, and calculates the required number of units. A collection box
is set per PCS, and calculates required number of circuits. In addition, it is necessary to configure

the PV system for connecting to the electric power system in each country. (Installation of the
step-up transformer to the system voltage, etc.)



Exercise[The facility planning sheet for Mega Solar]
Mega Solar planned installation site:[Country] [Area]
@ Tilt angle of PV panel °

Azimuth
Solar irradiation in the above-mentioned tilt angle and azimuth

Solar irradiation per day Ambient temperature
Month (KWh/m?/day) (°C)

January

February

March

April

May

June

July

August

September

October

November

December

Annual

@ Specification of selected PV module

Type

Nominal Max. Output (Ppmax)

PV module conversion efficiency

Nominal Max. Output Working Voltage (Vpm)

Nominal Max. Output Working Current (lpm)

Nominal Open Circuit Voltage(Voc)

Nominal Short Circuit Current (lsc)

External Dimensions (mm) WxLxD

Temperature coefficient of short circuit current

Temperature coefficient of open circuit voltage

Temperature coefficient of Max. output

@ Specification of selected PCS

Output capacity

DC output Rated voltage

DC voltage range

Range of MPPT

Number of phase

AC output Rated voltage

Rated frequency

Power conversion efficiency




@ Number of series connection of PV modules

in series
PV string open circuit voltage  (PV module temperature 25°C) V
(Max. PV module temperature °C): Vv
(Min. PV module temperature C): \Y
PV string output working voltage (PV module temperature 25°C) \Y
(Max. PV module temperature °C): Vv
(Min. PV module temperature C): \Y
® PV array configuration lines rows (PV module pieces)
in series in parallel
PV array output kW
PV array size (W) mx(L) m (projected area in the horizontal surface)
PV array max. height m
©® PV array arrangement
Number of PV array unit
Total output of PV array kW
@ Annual energy production
Generated energy
Month (KWh)
January
February
March
April
May
June
July
August
September
October
November
December
Annual
System configuration
- Gernation scale kW (AC)
« Number of arrays
- Array output kW (DC)
+ Number of PCS
+ System voltage kV
« Step-up transformer kVA
Primary voltage/Secondary voltage kV/ V
+ Power transformer for substation kVA
Primary voltage/Secondary voltage kV/ \




Exercise [System planning sheet for mega-solar] (Suggested answer)

Mega solar planned installation site: [Country] Japan [Area] Naha
@ Tilt angle of PV panel 18°
Azimuth South

Solar irradiation in the above-mentioned tilt angle and azimuth

Month Solar irradiatizon per day Ambient Temperature
(kWh/m?/day) ()
January 2.89 17.4
February 3.13 17.4
March 3.79 19.1
April 4.54 21.7
May 4.99 24.3
June 5.46 26.9
July 6.57 29.1
August 6.22 28.9
September 5.66 27.8
October 4.79 25.5
November 3.70 22.6
December 3.11 19.2
Annual 4.58 17.4

@ Specification of selected PV module

PV module B
Type Polycrystalline Silicon
Nominal Max. Output(Pmax) 240W
PV module conversion efficiency 14.6
Nominal Max. Output Working Voltage (Vpm) 29.8V
Nominal Max. Output Working Current (lpm) 8.06A
Nominal Open Circuit Voltage (Vo) 36.9V
Nominal Short Circuit Current (Isc) 8.59A
External Dimensions (mm) WxLxD 1,662 X990 X 46
Temperature coefficient of short circuit current +0.060%/K
Temperature coefficient of open circuit voltage —0.36%/K
Temperature coefficient of Max. output —0.46%/K
@ Specification of selected power conditioning system
PCS-A

Output capacity 10kW
DC input Rated voltage 400V

DC voltage range 0~600V

Range of MPPT 200~550V

Number of phase = A 3 4%
AC output Rated voltage 202V

Rated frequency 50 or 60Hz

Power conversion efficiency 94.5%




@ Number of series connection of PV modules 16 in series

PV string open circuit voltage(PV module temperature 25°C) .__475.52 \Y
(Max. PV module temperature 54.0°C) . 427.25 Vv
(Min. PV module temperature 25.0°C) . 475.52 \Y

PV string output working voltage (PV module temperature 25°C) :_388.80 V

(Max. PV module temperature 54.0°C) :_ 349.34 V
(Min. PV module temperature 25.0°C) :_388.80 V
(Calculation)
1) Calculation of the number of series connection of the PV module from the rated voltage of a
power conditioning system and the nominal maximum output voltage of a PV module.

Rated voltage of power conditioning system: 400V, Nominal max. output voltage of PV module: 29.3V
400Vx 1.1 =440V 440V /29.3V=15.02=16 in series

2) Calculation of maximum and minimum PV module temperature
Maximum temperature in Naha: 35.6°C, Minimum temperature in Naha: 6.6°C
Max. PV module temperature = 35.6 + 18.4 = 54.0°C
Min. PV module temperature = 6.6 + 18.4 = 25.0°C

3) Calculation of the PV string open circuit voltage at the highest and the lowest PV module temperature
Temperature coefficient of the PV module open circuit voltage: -0.36% / °C
PV string open circuit voltage at PV module temperature of 25°C
36.9V x 16 = 590.4V
PV string open circuit voltage at the maximum PV module temperature (54.0°C)
590.4V x {1 - 0.0036x (54.0 - 25)} = 528.76V
PV string open circuit voltage at the minimum PV module temperature (25.0°C)
590.4Vx {1 - 0.0036x (25.0 - 25)} = 590.40V

4) Calculation of PV string output working voltage at the maximum and the minimum PV module
temperature

Temperature coefficient of PV module output working voltage: -0.36% / °C (Same as the
temperature coefficient of open circuit voltage)

PV string output working voltage at PV module temperature of 25°C

29.3V x 16 = 468.8V

PV string output working voltage at the maximum PV module temperature (54.0°C)

468.8Vx {1 - 0.0036 x (54.0 - 25)} = 349.336 = 419.86V

PV string output working voltage at the minimum PV module temperature (25.0°C)

468.8V x {1 - 0.0036 x (25.0 - 25)} = 468.80V

(Check on DC voltage range and MPPT range)

DC voltage range

The PV string open circuit voltage operates in the range of 528.76 to 590.40V to the DC voltage
range of a power conditioning system at 0 to 600V. Hence, there is no problem.

MPPT range

The PV string output working voltage operates in the range of 419.86V to 468.80V to the
maximum power point tracking range of a power conditioning system in 200V to 550V. Hence,
there is no problem.



(BPV array configuration 4 lines 12 rows (PV modules: 48 pieces)
16 _in series 3 in parallel
PV array output 11.52 kW
PV array size (W) 20.594 m x (L) 4.004 m (projection of horizontal surface)
The maximum height of PV array 1.801 m

Wiring diagram of the PV array
4+ 0 — 0

(Calculation)
1) Calculation of the maximum number of lines and rows of the PV array
The maximum number of lines of the PV array: a
The maximum height of PV array: 2.0m and below from GL (The bottom of the PV panel is 0.5m
from GL), Tilt angle of the PV panel: 18°
Depth of PV module: 990mm
(2.0m - 0.5m) = 1.5m
1.5m = X xsin18° = 4.854m = X
4.854/0.99 = 4.9 a=4lines
The maximum number of rows of the PV array: b
The maximum width of PV array: 25m and below, width of the PV module: 1,662mm
25/1.662 = 15.1 b =15 rows
The maximum number of the PV module piece only on the conditions of PV array arrangement

is 4 lines, 15 rows and 60 pieces.

1.5m and below

O.SE “ 2.0m and below

Y

Conditions of PV array arrangement

g ;

4.854m

\ 4

1.5m

18°

Ogﬂ i
v
Ll
i

4.167m

The maximum PV array dimension based on the tilt angle of the PV panel
- 10 -
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2) Calculation of the maximum number of parallel connection and the number of the PV module
pieces from the number of series connection of the PV module
The maximum number of PV module piece only on the conditions of PV array arrangement: 60
pieces
The number of series connection of the PV module: 16 in series
60/16=3.75 3 in parallel
16 in series x 3 in parallel = 48 pieces

3) Calculation of the PV array output from the number of PV module pieces
Nominal maximum output of the PV module: 240W
240W x 48 = 11,520W = 11.52kW

4) Calculation of the number of PV array rows from the number of PV module pieces
The number of PV module piece: 48 pieces, the maximum number of lines of PV array a: 4 lines
48 /4 =12 12 rows

5) Calculation of the PV array size from the number of lines and rows of the PV array
Dimension of the PV panel
Depth of the PV module: 990mm, The space between PV modules and the edge of the PV
modules: 50mm
(0.99x4)+{0.05x (4+1)}=4.21m
The maximum height of the PV array
Tilt angle of the PV panel: 18°Height of the bottom of the PV panel: 0.5m from GL
(4.21m % sin18°) + 0.5m = 1.801m
Length of the PV array L (projection of horizontal surface)
4.21m x cos18°= 4.004m
Width of the PV array W
Width of the PV module: 1,662mm
(1,662x 12) + {0.05 x (12 + 1)} = 20.594m
20.594m

IA

|‘ Vl

4.004m

PV array size (projection of horizontal surface)

4.210m

1.801m

L 4.004m
PV array size

4
\ 4



©PV array arrangement
Number of PV array 100 units
Total output of PV array 1,152 kW

(Calculation)
1) Calculation of the total output of the PV arrays
11.52kW x 100 = 1,152kW

2) Calculation of the shadow scale factor of north and south direction
The latitude and the longitude in Naha: North latitude 26.1312, East longitude 127.4048
Solar altitude h: 19.35° Azimuth: 50.11°
*The data is at 9am on the winter solstice (21%' of December 2012), the azimuth is directly south at
0°
Scale factor of the shadow R
R =Ls/L = coth x cos a = cot (19.35°) x cos (50.11°) = 1.826
(The length “Ls” of the shadow of north and south direction cast by the object of height “L”.)

3) Calculation of the distance of PV arrays facing to the north-south
The maximum height of PV array: 1.801m
(1.801-0.5) x1.826 = 2.375m

4) PV array arrangement and total area

Install according to the location. Consider with SketchUp.

@ Annual Energy Production

Generated energy

Month (KWh)
January 80,025
February 78,283

March 104,033

April 118,981
May 133,295
June 139,198
July 171,031
August 162,096
September 143,598
October 127,138
November 96,510
December 85,323
Annual 1,439,509

*Annual energy production is the sum total of monthly expected energy production.

Annual power generation projections can be made using HOMER
(https://users.homerenergy.com/) or RETScreen (http://www.retscreen.net/) .

The calculation method 1s as shown below.
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(Calculation)
Calculation of expected monthly energy production [January](kWh / Month)
Average daily irradiation on monthly basis Ha: 2.89kWh/m?/day, Irradiance under standard
condition Gs: 1kW/m?
PCS conversion efficiency niny: 94.5%, DC correction factor Kd: 0.9, Temperature coefficient at
max. outputa: -0.46 % / K
Monthly mean temperature Tav: 17.4°C, Weighted average PV module temperature rise AT: 18.4°C
Module temperature Tm
Tm=Tav+ AT =17.4+18.4 = 35.8°C
Temperature correction factor Kt
Kt=1+a(Tm-25)/100=1-0.46 (35.8—25) /100 = 0.95032
Total design factor K
K=Kd x Kt x nnv=0.9 x 0.95032 x 0.945 = 0.808247
Expected monthly energy production Ep
Ep=32HA/Gs x Kx Pas=31%289/1x0.808247 x 1,152 = 83,417kWh

System configuration

- Generation scale 1,000 KW _(AC)
« Number of arrays 100

- Array output 1,152 kW _(DC)

« Number of PCS 100

+ System voltage 6.6 kV
« Step-up transformer 1,000 kVA

Primary voltage / Secondary voltage 6.6 kV/I 415 V
+ Power transformer for substation 50 kVA

Primary voltage / Secondary voltage 6.6 kV/ 200 V

6.6kV

50kVA 1,000kVA
6.6kV/ 200V 6.6kV/ 415V
250kW 415V 250kW 415V
PV PCS PV PCS

PCS PCS

250kW 250kW
NolPC:! No2PC:!

Collection box Collection box

| Junction box | | Junction box | | Junction box | | Junction box |

-13-
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Chapter 1 Preparation

1. Download and installation of SketchUp

Access the following URL. http://www.sketchup.com/intl/ja/index.html
Click the download button and open the link.

@ Download "SketchUp8."

—)

Click "Accept and download."

Double-click the downloaded file and install.

Double Click!

o

|_|® Download!

Click "I agree to the terms of the license
agreement."

D

] (—

Proceed according to the instructions to complete
the installation.



2. Launch and end
Double-click the icon to start [SketchUp].

Click! ﬁ}

Usage instructions and the template selection screen ~ Select template per metric unit.
are displayed.

— — = —

The template screen is displayed. To end SketchUp
The "instructor" who explains how to operate can be Select [File] -> [Exit].
displayed later, so close for now.

3. Loading and saving file

[File] menu

Q l New | Create new file.

l Open | Open an existing file

l Save | Overwrite and save file

( Save as | Save the new file

1-4. Import and export file

The size of the JPEG file
is set in options.

—_ Formats that can be > ¢

J/ imported




Chapter 2 Operation screen (interface) and tools

1. Names of the parts of the operation screen

N

AN
¢ N

Menu bar
Toolbar

<€— Drawing axes (Z—blue)

Large tool set

l &1 Drawing axes (Y—green)

Origin p—>»

Drawing axes (X—red)

Measurement
toolbar

v v

Status bar

e Menu bar : Tools from the menu bar can be selected.

e Toolbars : Select a tool and operate.

e Status bar : Description of the operation is displayed.

(The key is to effectively use the status bar at the bottom of the screen)
e Measurement toolbar : Value of the dimension is displayed.

(The values for length and angles can be input to draw accurate shapes)

2. Display of the toolbar

The required tools can be displayed on screen with the [Toolbar] from the [ View] menu.

C— I —

<€ Large tool set




3. Screen operation

Q\ [Zoom] tool

Can zoom in / out by dragging the screen up or down.

* This can also be done by using the scoll wheel.

Basic screen

[Display all] tool

Full screen display of the object.

A

Click!

Q\ Up (Zoom in)
A

1

|

Down (Zoom out)

’CZ [Pan] tool

Move the screen perpendicularly and parallel.

Click!

Display all

ﬁ’ ‘ [Orbit] tool

Change the angle of the screen.




Chapter 3 Basic operations

1. Draw a line

y

Click! >

/ Click!

“ [Line] tool ~ao N

Draw lines parallel to each axis, and the color Parallel transport
changes (red, green, blue). f

Ll b

Along the red axis (x-axis), the line is red.

Along the green axis (y-axis), the line is green. Along the blue axis (z-axis), the line is blue.

* Plane: Red (x-axis), green (y-axis) * Height: Blue (z-axis)

p4
ELBIE

The values for length and angles can be input into

the measuring box to draw accurate shapes.

Enter a length.  Press [2.5] + [Enter] key. \/

Press the key during an operation to

cancel it, and the operation can be redone. ¢

Measuring box

Even after finalizing, the size can be changed if it is

done before the next operation. ~

To restore the original for errors after finalizing,

tndo [GErT ] +




2. Create a rectangle and circle

2\
| Cliek

! [Rectangle] tool

Click anywhere and move in a diagonal direction.

Clicking after moving the mouse creates a

rectangle.

Enter the dimensions.
Press [50,50] + [Enter] key.

. [Circle] tool

Click the point where you want to center the circle.

Move the cursor to specify the RADIUS and press

the [Enter] key.

0 ®0 @ smnz|

1% 50,50

fIE 24

Create a circle with a radius of 1m.




e Specify the number of segments (number of
lines).

When the circle tool is selected, [24] is displayed in
the value control box.

This means to draw a circle in the form of a

24-sided polygon, but the value can be changed.

* Number of segments: 24 (default setting)

Press [5] + [Enter]

for a pentagon.

24-sided polygon

Ve

| LiE 24

Polygons can be created.

Pentagon

RIE |5

24-sided
polygon

ootagr

e Specify the number of segments (number of
lines).

Right-click the circumference with the [Select] tool
and select [Entity information].

Right Click!

Number of Number of )
segments: 24 segments: 48

Change the number of segments and press the
[Enter] key.

The number segments can be increased for a
smoother circle, but the file size becomes larger

causing operations to become slower.



3. Create a cube

A

'y Clicki ——>
" [Push/pull] tool

Click a side of the rectangle created.

Move the pointer to make the rectangle

three-dimensional.

Move
A | the mouse up

Click!

Click on the size you want.

4. Selecting a shape

A

Click!

Ik [Select] tool

Click the [side] you want to select to change it to

the selected state.

Specify and enter the value. Press [25] + [Enter]

key.

:i:25m

I §E5E | 25.000m |

BRUFET, Ctl=%lLL

 Click!

Select a
side

When a [line] is selected, it becomes a bold blue To deselect, click an area outside the shape.

line.

/ Click!

Select a
line

4

Click!

L3

Deselect

10



Double-click the [side] Double-click the [line]
The side and the surrounding lines are selected The line and the sides adjacent to it are selected
simultaneously. simultaneously.

Double Click!

Double Click!

Triple click a [line] or [side]. The entire shape Drag the [Select] tool to select the entire shape.
including its lines and sides are selected. Or, select the entire shape by pressing[ Ctrl | +[A].

Triple Click!

Select the

entire shape Se!ect the
entire shape

To select all of the shapes in the drawing area press +

e Delete a line or side.
Select the side and press [Delete]. The side is deleted.

Side
deleted

Select the line and press [Delete]. The line and adjacent sides are deleted.

Line and adjacent
sides deleted

11



5. Move and copy

x

‘.a [Move] tool Click!
Select the entire shape and click any location with Move the cursor from the point clicked. The shape
the [Move] tool. is moved the same distance.

e Copy the shape.
Press the [CTRL] key and a [+] mark is displayed Move the cursor
above and to the right of the cursor and changes to Click to copy.

copy mode.
Click! O Click!
Copy
Copy mode E;?
o Create multiple copies at equal intervals.
Select the entire shape and click an [end point]. Specitfy and copy the value. [2] + [Enter]

Enter a value

| E&2

In the selected state
Press [*3] + [Enter]. 3 copies created at 2m intervals.

Enter the number
of copies

EZx |*3

12



e Create multiple copies placed equidistantly.
One copy 6m away. [6] + [Enter]

In the selected state, press [/3] + [Enter].
3 copies created within a 6m range.

e

6m

@ AsERENTVERA, (BRI V-ILEEATEN : |

e Change the size of the circle.

a Select the [Move] tool.
Click an [end point].

Move the cursor to the inside of the circle, and it

becomes small.

With an [end point] where the circumference has
changed to the selected color (blue), the entire circle

moves, and its size cannot be changed.

* Will result in move.

Circumference
is blue.

Move the cursor to the outside of the circle, and it

becomes large.

Circle becomes
smal |

~
~
~
~

-

Tl El

Large circle

~
~

13



6. Rotate

x

lii )
%4 [Rotate] tool Click!

Select the entire shape, click the [Select] tool, Select the [Rotate] tool, and a protractor mark
Right click the drawing to group.

appears.
__Right Click! The color of the protractor changes according to the
/ axis of rotation (red, green, blue).

L3

Group the gi}
shapes you want
to rotate.

Click a corner. (It becomes the axis of rotation.)

Click another corner. (It becomes the starting point

of rotation.)

Click!

3

Rotate the blue Click!
axis (horizontal -
direction).

Rotate. Specify the degree of rotation. [45] + [Enter]

Enter the degree

of rotation
HEBOEL T | | &=lss
e Copy rotation. Move the cursor
Click the center of the rotation. and click the point to start rotation.
Click!
_ Start the
Specify the rotation
center of Specify
rotation position

14



Press when executing with the [Rotate] tool, When entering [45] for the degree of rotation,
and a [+] is displayed above and to the right of the a 45° rotation is copied.  [45] + [Enter]

cursor and changes to copy mode.

~~ o
-~

Copy mode

Subsequently, press [*12]+ [Enter].

12 copies of the shape rotated 45° each are created.

e Rotate with the [Move] tool.
Group the shapes in advance.

a Select the [Move] tool.

When you move the cursor to the surface you want

to rotate, 4 [ +] marks are displayed.

When you move the cursor to a [+ ] mark, a Move the cursor or enter the degree of rotation, and

protractor is displayed. Click the [+]. press [Enter].

15



7. Enter dimensions and characters

Select the [Build] tool from the [View] menu. Or select [Dimensions] tool from the [Tools] menu.

C——) <« Build

( <«€—— Dimensions
Click! 4 [Dimensions] tool
Select the [Dimensions] tool, and click two points. Move the cursor and the dimensions are displayed.
Click!
Bm
Q 1.266m
B o
T (Click!
Click the vertex and move the cursor, and the
coordinate values are temporarily displayed.
Click! N Click!

N

1883m, 2383m, 1.266m

e Enter characters.

[Text] tool

Enter the characters in the part where the
Double-click a side

coordinates are displayed.

TE=A

\ Double Click!

Characters with a
|eader line

16



The area is temporarily displayed, changes to a Characters without a leader line can be entered

character input state.

TBS.A

Characters without a
leader line

o Create a three-dimensional character. Enter the characters and click the [Align] button.
Select [3D Text] from the [Tools] menu.

S

Click!

3D Text

Click on any location. The 3D text is created.

Click!

17



8. Shadow settings
From the [Windows] menu select the [Shadow] tool.  Click the [Show/hide shadow] button at the top left
AW L) of the [Shadow settings] dialog box displayed.

EFVESR
IVTIT158
IFUTIL m
JoAt—FR
2541

L%
FIrSA2 &R
=

L= Shadow
AL (
BEES
IwaEUI =4
A A TH4
RERT
HAPOHEET

Ruby O>—)L

JUR—RY kAT
Jxfi—F > MOEE (Pro 0F)
BETHAFY

Click the [Show/hide shadow] button, and the Q
shadow disappears. Shadows are displayed.

e Change the time and date.
Click the [ V] button on the far right of the [Date] On the [Time] slider, move the slide bar or enter a

slider to change the date. value to change the time.

g@E (=]
Hhm:mg:nn - =
B [ e — MW ublickiy
P AT |

| 12A 2012 _»

"A [— [ Enter the

29 30 time

B — I’

25
2
[ wr—FAc A EBEERT o
FT 15
WMEE #EE ] 23

30311 345
CiToday: 2013/07/30
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The shadow changes according to the time set; the

shadow extends.

11/8 13:30

12/8 14:30

19



Chapter 4 PV array layout plan
1. PV module creation
Create a 3D PV module.

Here, the dimensions of the PV module are as provided in the sample module.

Sample module dimensions: 1,500mm x 990mm x 36mm

Module spacing: 50mm

Draw a 0.05m x 0.05m and 1.5m x 0.99m rectangle on the x-y plane as shown below.

O

With the [Push/Pull] tool, raise only the module portion 0.039m to make it 3D.

O
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Specify the entire range.

O

From the [Edit] menu, select [Create Group] and group as a PV module.

| N

Select [Create Group]

The PV module is completed.
The 0.05m x 0.05m squares at the corners serve as a guide for module spacing.
We continue without deleting these for now, but if they become an impediment in the finishing process,

they may be deleted.
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2. Create PV array
Create a 3D PV array.

Here, the PV array is arranged as in the sample array.

Sample array 12 columns 4 rows
+ 0 —o0 + 0 — 0 + 0 —o0

Select [Edit]-[Copy] on the PV module you created on the previous page and select [Edit]-[Paste], and a
copy linked to the mouse cursor will appear on the screen.
* [Copy] can be executable with Ctrl + C. [Paste} is executable with |Ctr] [+ M

Select [Edit] — [Copy]
Select [Edit] — [Paste]
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Verify that the mouse cursor reacts when placed at the end point of the shape and drag.

We continue so that the module has 12 columns as in the above.

Select the module's 12 columns and select [Edit]-[Create Group] to group.
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Also repeat [Copy] — [Paste] for each column.

When 12 columns and 4 rows have been created, group again.

Select the range of 12 columns and
4 rows
Select [Edit] — [Create Group]
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Select the Rotate tool and align the mouse cursor at the end point of the PV module near the origin.

Verify that the protractor mark appears on the x-y plane.

O

Click once on the horizontal position (along the y-axis from the end point) and move the mouse in the
direction of rotation.

For the value input, enter [18] so that the array has an 18-degree angle.
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Align the mouse cursor on an end point of the module's 0.05m x 0.05m spacing guide.
For the front side of the array, draw a 0.5m straight line along the Z-axis, and for the rear side, draw a

1.801m straight line along the Z-axis.

O

\< 1.801m along the Z—axis
0.5m along the Z-axis M

Connect the bottom of the straight lines drawn for the array's front and rear sides with a line along the
y-axis.
This is the bottom of the array which will be in contact with the ground.

Draw the other side of the array in the same manner, connecting the entire perimeter of the array's bottom.

O

Connect the bottom edge along the y—axis
The length of the straight line at this time is 4.004m

"

Connect the bottom edge along
The same for the the x—axis
other side \
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Draw a 1.5m straight line from the bottom edge of the array along the x-axis (the array's east-west
separation).

Draw a 2.375m straight line from the bottom edge of the array along the x-axis (the array's north-south
separation).

O

Select the entire range including the array's spacing guide straight lines and group them.

Select the array’s entire range
Select [Edit] — [Create Group]
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Align the mouse cursor on the bottom edge of the array near the origin and click to align with the origin.

O

This completes the PV array.
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3. Layout plan for the PV array
Place the created PV array on the planned site.

Here, we will place it on the parking lot in front of Okinawa Enetech's building as a sample site.

Select [File] - [Geolocation] - [Add location].

Select [File] — [Geolocation] — [Add location].

Search for the planned site on the map displayed in the pop-up window. Click the [Select range] button to

switch to the range selection screen, and click [Get] to get the site location.
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Once you get it, the range acquired is displayed on the screen in 3D as shown below.

This includes latitude and longitude.

Place one array on the designated location.
The y-axis corresponds to North-South direction, and the x-axis corresponds to East-West direction.

If the site is in the Southern Hemisphere, at this point, use the [Rotate] tool to rotate the array 180 degrees.

O
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While separating by 1.5m along the x-axis (array East-West direction) and 2.375m along the y-axis (array
North-South direction), place the arrays using [Copy]—[Paste].

Place the planned arrays below on the planned site.

This completes the layout plan.

* If there is not enough space, reduce the angle of inclination which reduces separation in the North-South
direction, and thus secures more space.
This may be omitted taking 1.5m of separation in the East-West direction as well as maintenance into

account.
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4. Check for obstructions to sunlight

You can also use the [Shadow] tool to check for obstructions to sunlight.

Select [Display] - [Shadow].

[Select [Display] — [Shadow] ]

The arrays are displayed with shadows as shown below.

This shadow depends on the latitude and longitude, date, and time set in the [Geolocation] settings.

Shadows are displayed
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Select [Window] - [Shadow] to display the shadow settings window and change the date and time settings.
Change the date to winter solstice (Dec. 21, 2012 for Okinawa), and the time to 9:00.

Verify that the shadow of the front array does not affect the PV module surface of the rear array.

The shadow has no affect at 9:00 AM, but
at 8:30 AM, the shadow covers the PV
surface.

* This completes the PV array layout plan.
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