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Q1 (a) For each of the following statements, indicate True (T) or False (F).

(i) The implementation of the Feed-in Tariff (FiT) in Malaysia started in 2012.

(i)  The large scale solar (LSS) with capacity 29.99 MWac needs to be
connected to the grid system through the transmission line.

(1ii))  Malaysia launched the LSS and Net-Metering (NEM) programs in 2016.

(iv)  NEM 3.0 starts from December 2020 until December 2023.

(v) In the morning the hour angle is negative, in the afternoon the hour angle is
positive.

(vi)  The point where earth is farthest to the sun occurs on July 3rd. This point is

called the perihelion.
(6 marks)

(b) Malaysia is aspiring to be a Low Carbon Nation by 2040. To achieve this, the
government emphasizes low carbon policies and investments to increase adoption
and pursue selective leadership in low carbon sectors.

(1) Justify whether the policy of ‘no new coal power plant’ can be achieved in

Malaysia.
(5 marks)

(i)  If you are a policy maker, suggest an alternative method for Malaysia to

become a Low Carbon Nation by 2040.
(4 marks)

(c) Figure Q1.1 shows the sun path diagram for one location on 18/4/2024. From the
diagram:

CONFIDENTIAL



CONFIDENTIAL

BNE 45303

Figure Q1.1 Sun Path for a Location

() Find the time when the azimuth is equal to 330° during the shortest day of the
year.
(1 mark)

(i1) Throughout the year, determine the date on which the sun reaches its
maximum altitude and find the corresponding elevation.
(2 marks)

(iii) The location located at the northern hemisphere. Is the statement true or false
and explain why.
(3 marks)

(iv) Based on the sun path in Figure QL.1, suggest TWO (2) photovoltaic (PV)
system design that are suitable for this location with justifications.
(4 marks)

- ‘ ,
: TEDRITK A

| TERBUKA —‘
1

-

CONFIDENTIAL



CONFIDENTIAL BNE 45303

Q2 (a) Feed in Tariff (FiT) and Net Energy Metering (NEM) schemes are an initiative
introduced by government to support renewable energy technology. Briefly
explain the concept of FiT and NEM.

(5 marks)

(b) A domestic customer’s energy import and energy export from his rooftop PV
system are shown in Table Q2.1 (i). Use the tariff structure in Table Q2.1 (ii).
(The displaced cost of the old formula is 31 cents/kWh)

Table Q2.1 (i) Domestic Customer Energy Profile

Month Energy Import (kWh) Energy Export (kWh)
February 300 300
March 670 550

Table Q2.1 (ii) Domestic Tariff Structure

Tariff Category Rates (cents/kWh)
For the first 200 kWh (1 — 200 kWh) per month 21.80
For the next 100 kWh (201 — 300 kWh) per

33.40
month
For the next 300 kWh (301 — 600 kWh) per

51.60
month
For the next 300 kWh (601 — 900 kWh) per

54.60
month
For the next kWh (901 kWh onwards) per month 57.10

() Calculate the bill for each month using both the old and improved scheme of
NEM.
(10 marks)

(if) Compare the difference between the old and new scheme and compute the
percentage of savings of the improved scheme compared to the old one.
(4 marks)

(c) Discuss the role of large-scale solar energy projects in Malaysia's renewable
energy transition. Highlight THREE (3) key benefits of large-scale solar projects
for the Malaysian energy sector and evaluate THREE (3) challenges or obstacles
that may hinder the widespread adoption and effectiveness of large-scale solar
initiatives in the country.

(6 marks)
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Q3  You have been appointed by Berjaya Holding company to design and install a grid-
connected PV system for one of their officer’s rooftops as shown in Figure Q3.1. The
system will utilize PV-MJT250GB modules of which the data are as shown in Figure
Appendix A.
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Figure Q3.1 Top View of Rooftop

(a) You intend to use 100% of the rooftop space with the PV modules, calculate the
maximum number of modules that can be installed and its total capacity in kWp. The

gap between modules is 10 mm.
(7 marks)

(b) You are required to determine the minimum number of modules based on annual
energy consumption listed in Table Q3.1. The premises operating at 66.67 %
capacity annually, with a consistent of 5 % annual increment in energy consumption.
Starting from 2024, the company set the offset at 80 % of the usage through energy
generated from a PV system to be installed on the premises. Assume the following
parameters:

e Average daily PSH = 3.5 hours

e Average maximum ambient temperature = 33.2 °C
e (able losses=1.05 %
e Inverter efficiency = 97.5 %
(9 marks)
Table Q3.1 Annual Energy Consumption
Year Energy (kWh)
2018 6240
2020 6864
2022 7488
o ——me ] 5 .
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Q4

(c) Based on Q3(b), determine the optimal array arrangement (Np and Ns) of PV

module connection for one inverter together with the number of inverters required for
the system. Refer to Figure Appendix B for inverter characteristics. Choose 18.0
TR3 type.

(9 marks)

As a technology specialist at a solar energy consultancy firm, your assignment involves
solving several issues for a grid-connected photovoltaic (GCPV) system tailored for a
rooftop setup.

(a)

(b)

(c)

The solar panel with specifications as stated in Table Q4.1 having 48-cell modules
are connected in series connection and operated under STC. The solar panel has 4
diodes, with each diode connected in parallel to a string consisting of 12 cells. Sketch
the most suitable connection diagram of the diodes and the PV module. Also
estimated the voltage and current rating of the diode, string fuse and dc switch for
solar module at STC.

(6 marks)
Table Q4.1 Specifications of Solar Module at STC
Parameter at STC Value
Open circuit voltage 504V
Short circuit current 94 A
Voltage at maximum power 412V
Current at maximum power 75 A

Based on Table Q4.1, you are required to propose minimum cost for cable sizing for
the system if the voltage drop and cable length are 2.25% and 15 m, respectively.
Discuss your answer.

(4 marks)

The design of a system uses the solar panel and an AMO-7K inverter as stated in
Figure Appendix A and Table Q4.2, respectively. Given PSHpoqa= Th at house’s

location; cable losses of 3 %. Neglect all other derating factors.

Table Q4.2 Specifications of AMO-7K inverter

DC input Value AC output Value
Nominal Power 7,500 W Nominal power 7,300 VA
Maximum Power 8,173 W Max power 7,955 VA

Max input voltage 930V | Operating AC voltage 230V

MPPT input voltage | 340-820 V | Operating frequency 50 Hz
Min input voltage 310 V Power factor +0.8 -0.8

Max input current 2x11A  —_— 973 %
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Using the information given, determine the following expected key performance
indices at the end of the first year:

(1) Yield
(4 marks)
(ii) Specific Yield
(4 marks)
(1i1) Performance ratio

(4 marks)

(d) What would happen if the performance ratio calculated in Q4(c)(iii) is less than 0.75
under testing period? Briefly describe your answer.

(3 marks)

- END OF QUESTIONS -
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APPENDIX A

SPECIFICATIONS SHEET

Macrsiacturee MISUBISH ELECTRIC
Modal narme PV-MIT2s0GE P-MITISGE
Cel type Moncorystaline siicon, 166 mm « 1246 mm
Yasmber of calls G0 onllz 5 a nenes
Perdomance at STC
Maxenum powsr mahing (Proax) S0 W 245 W
Warrartad menimum Pmax M2 oW 27T W
Toleranize of maxmam powsr ratrg /-3 % (The avetage Prax of aech peir of modudes has 2 posttive tolerance)
Ope=n croue voltage (Voc| arav araxyv
Short arcust currsnt fi=c) BE) A gren
Maxrnum power voitage [Vmp} 2V 300V
Maxsmum oower ourren {Imp) B8 A 037 A
l&w:dmuﬂ:ﬂm we (INOCT) 47'C
Pedasmsnce at NOCT [zt 830 Wi'md®
Maximurn powsr ting P’ T W 17T W
cecur Vo] BLOV MRy
S?m::r-mmn—mgs_c_; 7.13A 7.04 A
l\n:munmw\:fwgza_ﬂ_!_ 2rav ZroV
Afaxnum power currert [impl [N £t A
Maximun system wokage 1020 Y
Eusze rating 1A
Dymenmices 1825 « 004 » 46 mm (683 » 39,1 « 1.87 inches]
Welght 20%g
Oustput berrrinal (4] 800 meni} 1250 men with MC cormacior PV-KIB4/6H-UR, PKST4/E-UE)
Cabie confoema with TUV S Guﬁol'!:‘Pl'BHﬂ_&:m,ﬂmr
Wiodds o 1537 % _—% 1687 %
Packing corditien 2 pes /1 canton
Cenificates IEC 61215 Second Sditon, IES #1720
Product Warrerry 10 years
Outpat Wamany 0% of minimum rated Pmax foe 10 yrers, B0% of mirtmun mated Proax {or 25 years
Temrat ol WOMT, et e, 75T, med st © 0
DRAWINGS AND DIMENSIONS
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APPENDIX B
Technical data
Powador 16.0 TR3 | 18.0 TR3 £
Electrical data 16.0 TR3 180 TRS
Input variables
PV max generator output 16000 W 18000 W
MPP range 200V.. 510V 200V .. S0V
No-oad voltage 600 V* 800 v
Max input current 3x26A Ix26A
Number of MPP trackers 3 3
Humiber of strngs 3x3 3x3
Output variables
Rated output 13500 VA 15000 VA
Supply voltage ace. to local requirements acc. 1o local requrements
Rated current 3x1954A Ix217A
Rated frequency S0 H2 /60 H2 50 H2 /6O M2
cos phi 0.80 mductive ... 0.80 capacsive 0.80 inductive ... 0.80 capacithe
Number of grid phases 3 3
General electrical dats
Max. etfioency S6.2% 96.2%
European effigency 95.6% 95.7%
Hight consumption 19w 19w
Switchng plan selfcommutated, galvanically solated, sedf-commutated, galvanically isolated,
HF transformer HF trarsformer
Grid monitoring aC. 10 ocal requirements 3CC. 10 local requarements
Mechanical data
Display graphical display « LEDS graphacal cisplay + LEDS
Control units &-way naagation + 2 buttons 2wy NaVIgaton + 2 butions
Interfaces Etherns!, USS, RS485, SO cutput Ethernet, USB, RS4BS, S0 output
Fault signallng reday potential-free NOC mac. 230V/1 A polenbal-free NOC max. 230V/1 A
Connections serew terminals within the device (max €088 screw termanals wathin the dedce (max. cross

section: 16 mm? flenble)

cable supply va Cable connections cable sunply va ¢abls connections
(DC-connection M16, AC-connection 1440) (DC-connection M16, AC-connection hi30)

Ambient temperature =25°C ... +60°C** =25°C ... +60°C**

Coaleng fan fan

Protecuon class P34 w54

NOBe emission < 45 dB (A) (roisedess when operated < 45 dB (A) (noisebgs when operated
without fan) without fan)

DC-swatch ntegrated integrated

Casng alumesum Casting aluminium casting

HxWxD 928x 510 x 268 mm 248 « 510x 269 mm

Wesght 80 kg 80 kg

* To protecy Pa hadnam, The mwerter Lt o only 3t < 550 V/ = Foner derding & high antient temgeratued
Aephcatie Siandath and mgulaton e Lakin 0 JCOUnE S Padh DNy @rion That & we.
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LIST OF EQUATIONS

2 X de cable X Idc X P

cables

CSA of DC cable Aanin _dec_cable =
LOSS‘ X me _Sstring
Lowest voltage of 14 . =Y 14+ By Preltage
maximum power R n mpﬂ’f 1009% ( cell_max ~— St-‘-')
i 2X de cable X Idc X P
Voltage drop in V;I’_up_dc = -

Adc cable

2 X Lag_capte X (13e) > X p

‘Pd{_':

Power Loss in cable

Adc cable

GCPYV System Protection
1. Bypass diode

Have a voltage rating of at least 2 x Voc stc mop of the protected module.
Have a current rating of at least 1.3 x Iscstc mob

2. Overcurrent Protection

DC rated trip current: 1.5 x Iscstemop £ 1t € 2 X Isc ste Mo

DC voltage rating: > 1.2 X Voc sTc ARRAY

3. DC Main Switch
DC Voltage : 2 2 X Voc sTC ARRAY
DC Current : 2 1.2 x Isc s1C ARRAY

L
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GCPYV System Design Calculation

. (%% °C
Ifmax oc — Vuc stc Xl:l +M_—__)(Ij:eﬂ min —25°C)
h - 100 =
max_inv X 0'95
Max no of modules = =
_ oup(%/°C) )
win_mp = Voo [H—@—(Y;u_m ~25°C)
1 Vmin iny x1.1
Min no of modules = —2
min_mp

Imax = I.\'r:f.ﬂc ” l:l # 1},(.;56 (I::e'n'[_max e ZSOC)]

] max_de _inv

Max no of strings =
Tpaxl2

PV Design based on Energy Requirement

0 i ) 12
B = Yoenergy to be supplied X 2 - % Zenergy consumption
2 100 no of months with data 4~
il
kremp =] o} g (I;eﬂ _ T:m:)
100
B o S -
SR PSH poa o kderaﬂ'an
g -
I itk S
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