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Attachment-4 AGENDA (1st SEMINAR)
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AGENDA

1st SEMINAR

FEASIBILITY STUDY FOR APPLICATION OF
PHOTOVOLTAIC POWER
ON MALE’AND HULHUMALE’ ISLANDS
IN THE REPUBLIC OF MALDIVES

25tk February 2009, From 9:00 to 12:30

STELCO 5tk Floor Training Room

Welcome remarks by Deputy Minister of Housing, Transport and
Environment (Dr. Mohamed Shareef)

Welcome remarks by JICA (Japan International Cooperation Agency)
(Mr. Makoto Nonobe)

Presentations by the Study Team
“Introduction of the Study” by Mr. Tadayuki Ogawa (20 minutes)
“Institutional Frameworks to introduce Grid-connected PV system” by
Mr. Yoshitetsu Fujisawa (20 minutes)
“Technical Issues to introduce Grid-connected PV system” by
Mr. Fumikazu Doi (20 minutes)
“Economic and Financial Analysis” by Mr. Akihiro Shimomura
(20 minutes)
(Followed by Q&A Session for each presentation)
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Record of Discussion

Project Name

FEASIBILITY STUDY FOR APPLICATION OF PHOTOVOLTAIC POWER ON
MALE’ AND HULHUMALE’ ISLANDS IN THE REPUBLIC OF MALDIVES

D a t e

25" February 2009 9:00~12:00

Venue

Training Room, STELCO 5" Floor

Attendant

See attached page

Contents

Deputy Minister of MHTE MHTE and Mr. Nonobe (Resident Representative of JICA/JOCV
Maldives Office) made a speech. After that, JICA STUDY TEAM explained the Inception

Report and discussed the following matters.

I.  General Matters of the Study

- MHTE has conducted the study on development of renewable energy so that
information like the grid-connection by private sector and tariff structure of renewable |-
energy, which the Study Team may need, can be shard. -

— The study team would like to enhance such information sharing in order to conduct
the Study efficiently.

2. Institutional Framework

- It was explained that RPS should be introduced before introduction of Feed-in Tariff,
What is the advantage for doing that?

— RPS is the system that obliges utility companies to purchase a certain amount of
power from the renewable energy, and can stimulate introduction of PV system.
Therefore, RPS is suitable for the initial step of dissemination of the grid-connected PV
system. Feed-in Tariff is the system which obliges utility companies to purchase power
at a certain price from the renewable energy. Although this system can stimulate
private investment, the PV system will not be disseminated unless the private sector
does not promote the investment. That’s why this system should be adopted when a

certain level of introduction is achieved.

- As a result of comparing the systems, it was concluded that RPS and Feed-in Tariff was
suitable. What is the reason? For example, subsidies for capital investment are provided in
UK. Especially, assistance for capital investment is needed in the Maldives.

—> Currently, STELCO received the subsidies from the government for operation and
management of diesel gen-sets. If the subsidies are not provided for the PV system,
cost competition cannot be realized on even ground with the existing diesel gen-set.
Therefore, the subsidies from the government are also required for introduction of new

energy system like PV system.
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- After adoption of the RPS, how many years does it takes to make the shift to the next
stage?

— Phased introduction of the institutional frameworks is very meaningful for
dissemination of the PV system. The number of years for the transition cannot be
projected because it depends on the actual conditions of dissemination. Needless to
say, if the subsidies for the PV system can be provided, the dissemination of the PV
system will be accelerated.

3. Technical Issues

- How much is the capacity and cost of PV panels and total system?

— For example, in case of installation on the roof top of STELCO building, the capacity
will be approximately 40kW, considering that capacity of one panel is 208W, The cost
depends on types of components like inverter which will be identified from the results
of the Study. However, based on the experiences, cost of a PV panel is about US$ 5/W
and total cost would be US$ 10,000/kW. As for the inverter, three-phase type should

be installed because single-phase type could cause misalignment of distribution lines.

- How about salt erosion of the PV system?

—The Study Team visited MHTE and investigated the legal framework on the salt
erosion. It is confirmed that there is no regulation on the salt erosion and the PV system
can be installed in line with the regulation like Japanese standards. However, the salt
erosion will be examined properly in the Study.

- How often should the system be maintained?
—Once the system is installed, the maintenance work is not needed frequently compared

with that for the existing system.

- How much is the cost for installation in small island with several thousand of
population?

—TFor such case, not only the number of users but also demand data is required .

4.  Economic and Financial Analysis

- Laying an undersea cable was planned between Male’ and Hulhumale’. However, it
has not been realized because there is no knowledge and techniques in the Maldives. Is
it possible to provide the cost of undersea cable?

—The cost would be very expensive although the Study Team does not have such
information. The reason of comparatively high price is due to necessity of advanced
technology for detection of fault points, specialized equipment for maintenance, etc.

- It is explained that CDM project formulation would be examined. Will economical
efficiency be improved when the CDM project formulation is applied?

— Generally, it will be improved. However, cost of the project formulation like
formtﬂation of PDD is very expensive so that it is necessary to examine feasibility
carefully for the case of CDM application.

Submission
materials

Presentation materials
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Attachment-5 AGENDA (204 SEMINAR)
AGENDA

2nd SEMINAR

FEASIBILITY STUDY FOR APPLICATION OF
PHOTOVOLTAIC POWER
ON MALE’AND HULHUMALE’ ISLANDS
IN THE REPUBLIC OF MALDIVES

11th October 2009, From 10:00 to 12:15
STELCO 5% Floor Training Room

1. Welcome remarks by Ministry of Housing, Transportation and Environment
by Mr. Ahmed Ali (10 minutes)
2. Welcome remarks by JICA (Japan International Cooperation Agency) by Mr.
Makoto Nonobe (5 minutes)
3. Presentation 1 (10 minutes)
| “Outline of the Study” by Mr. Tadayuki Ogawa
Q&A Session
4. Presentation 2 (20 minutes)
“Technical Feasibility Study” by Mr. Fumikazu Doi
Q&A Session
5. Presentation 3 (20 minutes)
“Economic and Financial Feasibility Study” by Mr. Akihiro Shimomura
Q&A Session

Tea Break (10 minutes)

6. Presentation 4 (20 minutes)
“Detail Design for Pilot Project” by Mr. Tomonori Kondo
Q&A Session
7. Presentation 5 (20 minutes)
“Institutional Framework for Grid-connected PV system” and
“Demand Side Management” by Mr. Yoshitetsu Fujisawa
Q&A Session
8. Presentation 6 (10 minutes)
“Medium and Long-Term Action Plan” by Mr. Tadayuki Ogawa
Q&A Session
9. Closing remarks by STELCO by Mr. Ibrahim Nizam (10 minutes)

A-5-1



Record of Discussion

Project Name

FEASIBILITY STUDY FOR APPLICATION OF PHOTOVOLTAIC POWER ON MALE’
AND HULHUMALE’ ISLANDS IN THE REPUBLIC OF MALDIVES

D a t e

11" October 2009  10:00 - 13:00

V e n u e

Training Room, STELCO 5" Floor

Attendant

See attached page

Contents

Mr. Ahmed Ali, Assistant Director of MHTE and Mr. Nonobe (Resident Representative of
JICA/JOCV Maldives Office) made a speech.
After that, JICA STUDY TEAM explained the Draft Final Report and discussed the

following maiters.

® Technical Feasibility Study

- Should oft-load loss of the PV system interconnection transformer during night time be
considered for assumption of power generation by the PV system?

— In the assumption, a loss from PV panel and a transform loss from power conditioner are
considered. The off-load loss is not considered because the order is smaller than them.
If the specifications of the transformer would be submitted, such condition could be

incorporated into the report.

- As for the factors of applying the battery-less system, can the condition that a load is
larger than the PV power generation at any time be considered?

—Yes, that’s right.

- Voltage simulation is conducted for connection with 11kV line. Is the PV system

simulated on the case that the system will be connected to the lower voltage line?

—The simulation is carried out under the condition.

- How much is the amount of irradiation which was used for assumption of annual PV
power generation?

— Annual average 5.15kWh/m*day is used for the assumption.

- Are the current load conditions considered for the estimation of possible installation
capacity of the PV system?

—Both the current conditions and future demand projection are considered.

- What kinds of protective devices are mounted in the PV system?

—The devices like overcurrent relay (OCR), overvoltage relay (OVR), undervoltage relay

(UVR), overvoltage ground-fault relay (OVGR), underfrequency relay (UFR),

overfrequency relay (OFR) are included in the power conditioner as standard devices.

® Detailed Design of the Pilot Project

- How is the monitoring device for measurement managed and connected?
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—S8TELCO will manage the system server and security of the system will be controlled by

password. The system will be connected via internet line.

® DSM

- In case of operation of heat storage type air conditioning system, where is the power
supplied from?

—When it is operated during night time, the energy from the heat storage system can be
utilized if the system has remaining power. If not, the power should be purchased from
the STELCO’s grid. '

- Regarding the suggestion of energy auditing, The Maldivian side has no basic knowledge
for that. How are the concrete steps for realization considered?
—The following two steps are considered. It is expected that the basic knowledge can be

accumulated step by step.

STEP 1: STELCO will appoint 2 energy manager. Those two managers will implement

energy auditing in Male® and Hulhumale’ as trial basis.

STEP 2 : Results of the trial operation during 5 years will be evaluated. If an effect is seen,

the Energy Saving Act will be formulated, considering the cost and the necessity.
Utility companies operating in every province will be obliged to appoint an energy
manager. Major facilities which have a load at certain level should have a regular
energy auditing by the energy managers.

- Importance of DSM is recognized in the Maldives. Curently, MHTE is proposing to the
President’s Office that preset temperature of the air conditioning system should be kept
at 25°C or more in the government facilities. The proposal will be shortly approved.
JICA STUDY TEAM requested MHTE to provide a photocopy of the proposal letter.

Submission

Materials

None
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AGENDA
Zrd SEMINAR
FEASIBILITY STUDY FOR APPLICATION OF
PHOTOVOLTAIC POWER
ON MALE’AND HULHUMALE’ ISLANDS
IN THE REPUBLIC OF MALDIVES

13tk October 2009, From 10:00 to 11:55
STELCO 5th Floor STELCO Hall

Welcome remarks by STELCO by Mr. Ali Azwar (10 minutes)
Welcome remarks by JICA (Japan International Cooperation Agency) by Mr.
Makoto Nonobe (5 minutes)
Presentation 1 (20 minutes)
“General Concept of PV System” by Mr, Tadayuki Qgawa
Q&A Session
Presentation 2 (20 minutes)
“Technical Aspects of PV System” by Mr. Fumikazu Doi
Q&A Session |

Tea Break (10 minutes)

Presentation 3 (20 minutes)
“Economic and Financial Aspects of PV System” by Mr. Akihiro Shimomura
Q&A Session
Presentation 4 (20 minutes)
“Demand Side Management (DSM)” by Mr. Yoshitetsu Fujisawa
Q&A Session
Closing remarks by STELCO by Mr.Ahmed Niyaz (10 minutes)
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Record of Discussion

Project Name

FEASIBILITY STUDY FOR APPLICATION OF PHOTOVOLTAIC POWER ON MALE’
AND HULHUMALE’ ISLANDS IN THE REPUBLIC OF MALDIVES

D a t e

Tuesday, 13" October 2009 10:00 - 13:00

V e n u e

Auditorium STELCO

Attendant

See attached page

Contents

Deputy Managing Director of STELCO and Mr. Nonobe (Resident Representative of
JICA/JOCV Maldives Office) made a speech. After that, JICA STUDY TEAM made
presentation related to dissemination of the PV system and discussed the following
matters.

e  Technical Aspect of the PV System

-~ Conversion efficiency of PV panel depends on the types of panels. Does the installed
area also depend on the conversion efficiency?

— In the presentation, 10% of the conversion efficiency was applied for simplifying the
explanation. Currently, silicon solar cells are popular and the conversion efficiency of
crystal silicon cells exceeds 14%. For the crystal silicon cells, the installed are will be

smaller than the example in the presentation.

- How should the tilt angle and direction of the PV modules be considered on equator?
—1Tt should be installed horizontally in theory. But 5 degrees of tilt angle is preferable,

considering the influence of dust. Both directions, north and south, can be applicable.

- As for the CO, emission reduction, should emission from production of PV modules and
installation works be considered? In case that the emission is considered, is the reduction
effect still positive? How many years does it take to recover the emission from
production?

—Today, such information is not available. For the detail analysis, such emission should be
incorporated for the calculation. However, the emission from the production and

installation works does not offset the reduction effect of the PV power generation.

o Financial and Economic Aspect of the PV System
- Data of cost saving for schools shown in the presentation is only for the private schools.
Is the figure for the government schools the same with the private ones?

—The figure would not be the same due to different consumption volume.

- How many years does it take to pay back for the installation? How about the life tile of
the equipment?

—Payback period is not estimated because it depends on the conditions like place of
installation and type of PC panels. As for the life time of the equipment, 20 to 30 years

for PV panels and 15 years for other components like inverter.
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- Regarding the calculation of the saved amount of bill under the case that half of power
consumption will be supplied from the PV system, are factors of the supply side
considered?

—Such factors are not included. The figure is obtained from the consumption volume and

electricity tariff paid by consumers.

e« DSM

- It is explained that DSM is under discussion with the Government of the Maldives. What
is the concrete proposal for addition of type of electricity tariff?

—Tariff at maximum consumption and tariff by use of time. Under The tariff at maximum
consumption, the maximum consumption is set in proportion to contract capacity. Utility
company can charge for the maximum consumption at basic rate. This system fixes the
power consumption which the customer is allowed at one time in advance between
customers and utility company, and contributes to control peak demand. As for the tariff
by time of use, different tariff is set for time of use. For example, in Japan, tariff in day
time is sét at about JPY 20/kWh, while the tariff in night time is set at about JPY
10/kWh. This tariff system can help the power consumption by home appliances like

washing machine and iron used during daytime shift to use during nighttime.

Submission

materials
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AGENDA
2nd SEMINAR
FEASIBILITY STUDY FOR APPLICATION OF
PHOTOVOLTAIC POWER
ON MALE’AND HULHUMALE’ ISLANDS
IN THE REPUBLIC OF MALDIVES

15th October 2009, From 10:00 to 11:55

STELCO 5th Floor STELCO Hall

Welcome remarks by Ministry of Housing, Transportation and Environment
by Mr. Akram Kamaaludeen (10 minutes)
Welcome remarks by JICA (Japan International Cooperation Agency) by Mr.
Makoto Nonobe (5 minutes)
Presentation 1 (20 minutes)
“General Concept of PV System” by Mr. Tadayuki Ogawa
Q&A Session
Presentation 2 (20 minutes)
“Technical Aspects of PV System” by Mr. Fumikazu Doi
Q&A Session

Tea Break (10 minutes)

Presentation 3 (20 minutes)
“Economic and Financial Aspects of PV System” by Mr. Akihiro Shimomura
Q&A Session
Presentation 4 (20 minutes)
“Demand Side Management (DSM)” by Mr. Yoshitetsu Fujisawa
Q&A Session
Closing remarks by STELCO by Dr. Zaid Mohamed (10 minutes)
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Record of Discussion

Project Name

FEASIBILITY STUDY FOR APPLICATION OF PHOTOVOLTAIC POWER ON MALFE’
AND HULHUMALE’ ISLANDS IN THE REPUBLIC OF MALDIVES

D a t e

Thursday, 15™ October 2009  10:00 - 12:30

V enue

Auditorium, STELCO

Attendant

See attached page

Contents

Deputy Minister of MHTE and Mr. Nonobe (Resident Representative of JICA/JOCV
Maldives Office) made a speech. After that, JICA STUDY TEAM made presentation related

to dissemination of the PV system and discussed the following matters.

o  Technical Aspect of the PV System
- Is the loss from PV module and inverter general figure?
— Conservative figures are applied to the calculation because the purpose is to estimate the

annual power generation from the PV system.

e DSM

After presentation, DSM methods implemented in the resort islands are shared with the

participants. The activities carried out by MITTS Enterprises Pvt Ltd, which is presented by

Mr, Ali Shareef, are as follows.

- The company provides consulting services for construction in Male’. They give advices
on promotion of energy saving equipment and layout of effective lighting in newly
developed facilities.

- Power consumption by air conditioning system is very huge in resort islands. Therefore,
the water heater system introduced in the presentation, which utilizes recovery system of
waste heat from the air conditioning system, is very effective.

- Environment-friendly efforts in not only in the resort islands but also in whole Maldives

will contribute to development of the country.

Submission

materials

A-5-8




Attachment-6 Design Manual for Grid-connected PV system

Design Manual
for
Grid-connected Photovoltaic System

June 2009
JICA Study Team
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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, Transport and Environment (MHTE)
Maldives Energy Authority (MEA)
State Electric Company Limited (STELCO)

2 EVALUATION OF POTENTIAL SITES

2.1 Requirements for potential sites 7

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 (Vbcin)

Series number of PV module (Sn) =
Maximum Power Voltage (Vpmax)
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 = Pmodule * N
Where
Purrey : Rated PV array output (kWp)
Produle : 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 (Pn) = Number of panels (N} / Series number of panels (Sn)

sy |
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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 insclation reduction by shade

honth
Time Jan

1 0.000
2 0.000
3 0.000
4 0.000
5 0.000
[5] 0.000
7 0.127
8 0.295
=] 0.469
10 0.620
11 0.724
i2 0.760
i3 0.724
14 0.620
15 0.469
16 0.295
17 0.127
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. = 0.1274+0.295 = 0.422 kWh/m?2

[Daily insolation]
Daily insolation = Monthly average insolation — Shade impact
=5.230 - 0.422
= 4.808 kWh/m2/day
10
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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= % Ha/Gs*K*P
Where
- Ep : Estimated annual power generation (kWh/year)
- Ha : Monthly average insolation at location (kWh/m2/day)

- Gs : Irradiance @ STC (Standard Testing Condition) = 1 (kW/m?2)
-K: Loss coefficient =Kd * Kt * nmnv* 7TR

Kd : PV loss coefficient. Dirt on the PV surface, loss caused by
irradiance fluctuation, 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-1) [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 ingtallation type | 21.5

1 1nv: Inverter efficiency. Usually 0.9 — 0.95

7 tr: Transformer efficiency. Usually 0.98 — 0.99

Z 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
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