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1 INTRODUCTION

1.1 Background

The Republic of Maldives (hereinafter referred to as “Maldives”) is an island nation
with an altitude of just one (1) meter above sea level; it is one of the countries most
prone to the effects of rising sea level caused by climate change. The Government of
Maldives (hereinafter referred to as “the GOM”) intends to promote renewable energy in
place of petroleum and to increase the share of total energy demand. In doing so, the
GOM aims to reduce greenhouse gas emissions from diesel power station and ensure
energy security.

Under these circumstances, the GOM issued a request to the Government of Japan
(hereinafter referred to as “the GOJ”) for implementation of the Feasibility Study for
Application of Photovoltaic Power in Male’ and Hulhumale’ Islands in the Republic of
Maldives (hereinafter referred as “the Study”), as a way to improve energy efficiency
and mitigate climate change for the purpose of realizing stable power supply in medium

to long term.

1.2 Objective of the Manual
This Design Manual has been developed to provide basic knowledge for the
engineers who design the grid-connected Photovoltaic (hereinafter referred to as “PV”)

in the Maldives. It provides procedures and requirements for the design.

1.3 Intended users
The intended users of this design manual are primarily the followings:
Ministry of Housing, Trangport and Environment (MHTE})
Maldives Energy Authonty (MEA)
State Electric Company Limited (STELCO)

2 EVALUATION OF POTENTIAL SITES

2.1 Requirements for potential sites

In order to introduce the grid-connected PV system, the site must follow the several
requirements, The following items are the principle requirements.

The requirements must be checked based on the site survey and the investigation
of structural design drawings. As for the capacity of existing power system, SETLCO
must examine the power quality of existing grid including the possible impact after the

installation.
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DC input voltage of inverter (Vboin)

Series number of PV module (Sy) =
Maximum Power Voltage (Vemax)
Layout of PV panels can be arranged taking into consideration this series number,
module size, cable connection and shade condition.
Each group of PV modules must be composed of multiples of series number. In case that
there is enough space, it is advisable to consider the maintenance space to clean the
panels. The sample layout is shown in Figure 3-1,
After the determination of PV layout, the rated PV array output can be calculated

as follows:

Parray = Pmodute * N
Where
Purray : Rated PV array output (kWp)
Puodule : Rated PV module output (kWp)
N : Total number of PV modules

On the other hand, the parallel number of PV array can be determined as follows.

Parallel number of panels (Pr) = Number of panels (N) / Series number of panels (Sn)
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Figure 3-1 Sample PV panel layout (Series Number = 12 pcs)
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Table 4-1 Example of calculation of insolation reduction by shade

Month
Time Jan

1 0.000
2 0.000
3 0.000
4 0.000
5 0.000
& 0.000
7 0.127
8 0.295
Q 0.469
10 0.620
11 0.724
12 0.760
13 0.724
14 0.620
15 0.469
16 0.295
17 Q0.127
18 0.000
19 0.000
20 0.000
21 0.000
22 0.000
23 0.000
24 0.000
Total 5.230

[Shade impact]
Insolation from 6 a.m. to 8 a.m. = 0.127+0.295 = 0.422 kWh/m?

[Daily insolation]
Daily insolation = Monthly average insolation — Shade impact
=5.230-0.422
= 4.808 kWh/m2/day
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4.2 Estimation of annual PV power generation

The annual PV power generation can be estimated utilizing the following formula:

Ep= Z Ha/Gs*K*P
Where
- Ep : Estimated annual power generation (kWh/year)
- Ha : Monthly average insolation at location (kWh/m2/day)
- Gs : Irvadiance @ STC (Standard Testing Condition) = 1 (kW/m2)
- K: Loss coefficient = Kd * Kt * ninvv* n1r
Kd : PV loss coefficient. Dirt on the PV surface, loss caused by
irradiance fiuctuation, difference of PV characteristics.
Usually 0.8.
Kt : Temperature correction coefficient. Correction coefficient to
consider the change of PV efficiency by heat
Kt=1+ @ (Tm-25)/100
@ : Temperature coefficient @ maximum output (% * C-1)
=-0.5 (% - C-Y) {In case of Crystalline Silicon]
Tm: Module temperature (‘C) =Tav+ AT
Tav: Monthly average temperature (‘C)

AT: Module temperature increase (C)

Open back type 18.4

Roof installation type | 21.5

1 vv: Inverter efficiency. Usually 0.9-0.95

1 tr: Transformer efficiency. Usually 0.98 — 0.99

2 means the integration of each month.

In order to reduce the time for investigation, the calculation template (Excel file)

has been developed as shown in ANNEX 3.
Input methods also are described in the same sample.
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ANNEX 1

Shade Examination Ma
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